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Outline of the thesis 11
This thesis focuses on the following questions:
1. What is the current state of knowledge of factors governing the spread of epidural 
blockade, in particular in thoracic epidural anesthesia (TEA)?
2. Are there di erences in the distribution of spread of sensory blockade, after injec-
tion of a test dose of local anesthetic into the thoracic epidural space, at di erent 
levels?
3. If so, can these di erences be explained by the proximity of the pleural space, and is 
the spread of sensory blockade in TEA a ected by manipulating airway pressure?
Chapter 1 of this thesis is a review of factors a ecting epidural spread of local anesthetic 
in general. Conclusions of our own publications, which together form the remainder of 
this thesis, have been incorporated in this review. Chapter 2 presents the results of a study 
comparing the distribution of sensory blockade after thoracic epidural administration of 
a test dose of lidocaine at three di erent levels. Chapters 3, 4, and 5 attempt to explain 
the  ndings presented in chapter 2: In chapter 3, di erences in epidural pressures along 
the thoracic epidural space have been evaluated, while chapters 4 and 5 present studies 
in which the in uence of raising airway pressure on the distribution of sensory blockade 
was evaluated in low-thoracic and cervico-thoracic epidural anesthesia, respectively. 
Finally, conclusions and directions for future studies are presented in the summary.

chapter one
Factors affecting the spread of 
sensory blockade in epidural anesthesia
Anesthesia and Analgesia, accepted for publication
W. Anton Visser, Ruben Lee, Mathieu J.M. Gielen
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Abstract
The spread of sensory blockade after epidural injection of a certain dose of local an-
esthetics di ers considerably between individuals. Factors a ecting the distribution 
of sensory blockade after epidural injection of local anesthetics remain the subject of 
debate. We have reviewed recent investigations regarding the distribution of epidural 
neural blockade, speci cally for thoracic epidural anesthesia.
The total mass of local anesthetic appears to be most important factor in determining 
the extent of sensory, sympathetic, and motor neural blockade, while the site of epidural 
puncture governs the pattern of distribution of sensory blockade relative to the injection 
site. Age may be positively correlated with the spread of sensory blockade, although the 
evidence is somewhat stronger for thoracic than for lumbar epidural anesthesia. Other 
patient characteristics and technical details such as patient position and mode and 
speed of injection have all been shown to exert only a small e ect on the distribution 
of sensory blockade, or their e ects are controversial. However, combinations of several 
patient and technical factors may aid in predicting local anesthetic dose requirements.
Based on this review, we have also formulated suggested epidural puncture sites that 
may serve to accomplish both satisfactory analgesia and appropriate sympathicolysis 
for various surgical indications.
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Introduction
Epidural anesthesia is a ubiquitous technique in clinical anesthesia. Unfortunately, the 
spread of sensory blockade after epidural injection of a certain dose of local anesthetic 
(LA) di ers considerably between individuals. Factors a ecting the distribution of sen-
sory blockade after epidural injection of LAs remain the subject of debate. Reviews on 
the subject date back two decades or more.1,2 Recent investigations may provide new 
insights into factors that a ect the spread of epidural blockade, and may aid in deliver-
ing predictable and safe epidural anesthesia.
While previous reviews have focused primarily on lumbar epidural anesthesia (LEA), the 
practice of thoracic epidural anesthesia (TEA) has increased tremendously over the last 
decade.3,4 Di erences in anatomy, physiology, and techniques to identify the epidural 
space may render extrapolation of data for predicting spread of anesthesia gathered 
during LEA to TEA questionable. This article will review recent investigations regarding 
the distribution of neural blockade, speci cally for thoracic epidural anesthesia, and, 
where appropriate, draw results from research regarding lumbar epidural anesthesia.
De nitions of high-, mid-, and low-thoracic epidural anesthesia di er among authors. 
For the purpose of this review, we will consider C7-T2 as high-thoracic, T2-T6 as mid-
thoracic, and T6-L1 as low-thoracic. This classi cation re ects the di erent  elds of sur-
gery for which these epidural sites are typically used (cardiac, thoracic and abdominal 
surgery, respectively).
Most studies mentioned in this article have used either LA, or contrast medium, or both, 
to study the distribution of epidural anesthesia. However, it should be noted that the 
 ndings based on the use of contrast medium may not always be congruent to epidural 
spread of LA.1,5,6 Although this review will focus on distribution of sensory neural block-
ade, distribution of sympathetic and motor neural blockade will be brie y discussed. 
Many studies quoted in this review have reported the results concerning the relation-
ship between spread of sensory blockade and some other factor as correlation coef-
 cients, ranging from zero (no correlation) to 1.0 (very strong correlation), with negative 
correlation coe  cients indicating an increase of spread with decreasing values of the 
factor investigated.
An elaborate account of epidural anatomy is beyond the scope of this article, as sev-
eral excellent reviews are available.7-10 Also, methods used to test sensory block have 
recently been reviewed elsewhere.11 In general, these methods can be categorized as 
either qualitative (normal or abolished response to the application of stimuli such as 
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cold or pinprick) or quantitave (e.g. pain on electrical stimulation with increasing cur-
rent). It should be noted that references mentioned in this review have used di erent 
modes of sensory testing.
Factors a ecting the distribution of neural blockade
Patient characteristics
Many studies have investigated patient characteristics to explain di erences in spread 
of neural blockade in epidural anesthesia. Although di erent factors are examined sepa-
rately in this review, multifactorial analysis has shown that consideration of multiple 
patient characteristics may better re ect the cross-dependencies, and lead to a more 
accurate estimate of anesthetic requirements.12
Age
From the 1960s onward, the clinical impression that spread of epidural blockade may 
be greater in elderly patients has spawned a host of studies investigating this subject. 
In LEA, Bromage was the  rst to report a strong relationship between a patient’s age 
and the epidural segmental dose requirements.13 However, the validity of these  ndings 
has been questioned, as the assumption of linearity between LA dose and extent of 
anesthesia has later been proven to be a fallacy (see below).1 Nevertheless, since then, 
several authors have reported sensory blocks with maximum cephalad spread 3-8 seg-
ments higher in patients > 60 yrs old compared to patients < 40 yrs old after injection of 
the same epidural dose of LA.14-17 A linear relationship between age and spread of block-
ade is stronger when using volumes up to 10 mL compared to the 10-20 mL range14,18
and in patients younger than 40 yrs, compared to patients over 40 yrs old12,14 In a study 
comparing the spread of sensory blockade in high-TEA, mid-TEA and LEA, correlation 
coe  cients of spread with age in these three regions were reported to be 0.58, 0.38, 
and 0.82, respectively.19 In contrast, other studies have found either no e ect of age 
on epidural spread,20-22 or statistically signi cant, but small correlation coe  cients, with 
di erences in spread of sensory blockade that may not be clinically important.18,23-26
In contrast with the con icting reports on LEA, the few studies investigating the e ects 
of age on epidural spread in TEA all suggest a positive correlation between age and 
spread of blockade. The epidural dose requirement in the elderly (60-79 yr) was dem-
onstrated to be about 40% smaller than in young adults (20-39 yr).27 This study demon-
strated a correlation coe  cient between age and epidural dose requirement of –0.70 
(Fig 1). Low thoracic epidural test doses of lidocaine 2%, 5 and 8 mL, resulted in greater 
extent of blockade, smaller segmental dose requirements and a greater incidence of 
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hemodynamic instability in patients aged 56-80 yr compared to patients aged 18-51 yr.28
Furthermore, positive correlation of thoracic epidural spread of contrast medium with 
the patient’s age has been reported.29,30
The mechanism for a positive correlation reported by several investigators between age 
and spread of blockade is still unclear. Although it has been suggested that this correla-
tion could be explained by decreased leakage of LA through the intervertebral foramina 
in older patients,31-34 this has been refuted by others.30 Alternatively, compliance of the 
epidural space has been shown to increase with age, while it is positively correlated 
with spread of sensory blockade.35 This agrees with the fact that residual pressure after 
injection of LA is lower in older patients, which in turn is associated with wider spread of 
sensory block.19 Indeed, it has been demonstrated using epiduroscopy that the epidural 
space becomes more widely patent after injection of a given amount of air, and the fatty 
tissue in the epidural space diminishes with increasing age, which may promote the lon-
gitudinal spread of LAs in the elderly.36 Furthermore, with age, the dura becomes more 
permeable to LA owing to a progressive increase in size and number of arachnoid villi. 
This provides a large area through which LA can di use into the subarachnoid space.34
Finally, it has been proposed that a decrease in the number of myelinated nerve  bers in 
the nerve, as well as a general deterioration of the mucopolysaccharides of the ground 
substance, allows LA to more easily penetrate nerve roots in older patients.13,37
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Fig 1. Relationship between age and epidural dose requirement of 2% mepivacaine in thoracic (T9-10) epidural 
anesthesia (r = 0.70, p< 0.001, n = 62). D= Dermatome. From reference 27.
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Height
It seems logical to assume that taller patients require more LA to establish a certain 
spread of blockade than shorter subjects. This has been investigated in LEA, again with 
con icting results. Only weak positive correlation coe  cients, ranging from -0.13 to 
-0.54 have been demonstrated.18,20,24,38 In TEA, correlation coe  cients from -0.2529 to 
-0.3730 have been found between the spread of epidurally injected contrast medium 
and patient height. To our knowledge, clinical trials evaluating the relationship between 
height and spread of blockade after epidural administration of LA are lacking in TEA. 
Therefore, it is not possible to de nitively draw conclusions on the signi cance of pa-
tient height in predicting the spread of blockade, except perhaps in extremely short or 
extremely tall individuals.
Weight and Body Mass Index (BMI)
Few studies report on the correlation between weight and spread of sensory blockade. 
In LEA, no correlation was found,20,22 although a correlation coe  cient of 0.41 was 
demonstrated for the association of BMI with height of sensory block.20 Weight was not 
correlated with epidural spread of contrast in TEA.29
Apparently, changes that may occur in the obese, such as increased abdominal pressure 
or increased body fat, are not su  cient to a ect the spread of epidural blockade. In-
deed, while both weight and BMI are positively correlated with posterior subcutaneous 
body fat deposition, they are not or only poorly correlated with the amount of posterior 
epidural fat.39
Pregnancy
In general, less LA is required to produce a given level of epidural anesthesia in pregnant 
patients. Engorgement of epidural veins by increased intra-abdominal pressure has of-
ten been implied as the mechanism for this phenomenon. Furthermore, both animal40-42
and clinical studies43 have shown that during pregnancy, onset of blockade of nerve 
conduction by LA is faster and blockade is more intense. This may account for the ap-
pearance of increased spread of epidural blockade during early pregnancy (8-12 weeks) 
when intra-abdominal pressure is probably still normal, which is similar to that found 
in pregnant women at term.44 In contrast, no di erence in latency and density of mo-
tor and sensory blockade were found when tested with repeated electrical stimulation 
between pregnant and non-pregnant women receiving LEA.45 While cranial extension 
of blockade was higher in the pregnant group, onset of sensory block in the sacral seg-
ments was similar in both groups. In contrast to the general population (see above), 
epidural LA requirements are further reduced in obese parturients (BMI > 30) compared 
to parturients with BMI ≤ 30.46
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Dural surface area
It has recently been demonstrated that the surface area of the lumbosacral dura is corre-
lated with the peak sensory block level in LEA.47 Although this patient factor may not be 
clinically useful, future research in this area may further clarify the di erences in epidural 
spread of LAs between patients.
Technical factors
Choice of epidural puncture site
The length of the lumbar section of the vertebral column is relatively short and the 
dimensions of the lumbar epidural space are fairly constant. Although statistically sig-
ni cant, only small di erences in cranial spread of blockade have been demonstrated 
after injection of LA at three di erent lumbar interspaces.12 In contrast, the thoracic part 
of the spinal column encompasses more than half the length of the entire spine and 
adjoins many di erent anatomical structures and spaces, while the thoracic vertebrae 
and epidural space vary greatly in shape and size. Therefore, it may be speculated that 
the distribution of neural blockade may vary with the site of epidural injection.
It is often taught that dose requirements are greater in LEA compared to TEA. Interest-
ingly, while this has also been suggested in several papers,1,2,18 surprisingly few studies 
have actually directly compared the di erences in spread of blockade between LEA 
and TEA. No statistically signi cant di erences in total numbers of segments blocked 
could be demonstrated after high-thoracic, mid-thoracic or lumbar epidural injection of 
contrast medium (Fig 2).29,48 Others have reported spread of blockade of 17.3± 0.6, 14.3± 
0.4, and 13.3± 0.7 segments after injection of 15 mL of 2% mepivacaine in the cervical, 
thoracic and lumbar epidural space, respectively.19 Unfortunately, these data were not 
statistically analyzed.
Di erent patterns of sensory blockade were found after a test dose of 3 mL of lidocaine 2% 
when injected at di erent sites in the thoracic epidural space: Spread of sensory blockade 
was primarily caudal after high thoracic epidural injection, primarily cephalad after low 
thoracic injection, and equally distributed caudal and cephalad after mid-thoracic injec-
tion (Fig. 2A).48 These patterns have been con rmed in another series of 90 patients receiv-
ing 5 mL of lidocaine 1.5% at vertebral levels ranging from C7 to L5 (Fig 2B).29 Di erences 
in epidural pressure (see below), and obstruction of spread of epidural LA by the greater 
relative volume of the spinal cord and the thecal sac in the cervical and high lumbar areas 
have been suggested as an explanation for this phenomenon.48 Also, epiduroscopy has 
shown that the mid-thoracic epidural space becomes more widely patent after injection of 
a given amount of air and that the amount of fatty and  brous tissue is smaller compared 
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Fig 2: Fig 2A en 2B onder of naast elkaar plaatsen, met daaronder het onderschrift. 
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Fig 2: Fig 2A en 2B onder of naast elkaar plaatsen, met daaronder het onderschrift. 
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Fig. 2. Panel A: Mean contrast spread after injection of 5 ml iotrolan, 240 mg I/ml, in 90 patients. C = cervical 
segment; L = lumbar segment; S = sacral segment; T = thoracic segment. In this study, there was a strong 
correlation between radiographic and analgesic spread (r = 0.91-0.97). From reference 29.
Panel B: Extension of sensory blockade tested by pinprick after administration of 3 mL lidocaine 2% in the high 
(C7-T2), mid (T2-4) or low (T7-9) thoracic epidural space. Data represent means +/- SD. Arrows indicate the level of 
epidural puncture. From reference 48.
These  gures illustrate two important issues in epidural anesthesia: First, in contrast to common teaching, no 
statistically signi cant di erences in total number of segments blocked could be demonstrated between patients 
receiving cervical, high-, mid-, or low-thoracic or lumbar epidural injections. Second, the intervertebral level of 
epidural injection is a statistically signi cant factor in the distribution of sensory blockade, either in the cranial or 
caudal direction relative to the injection site.
Factors a ecting the spread of sensory blockade in epidural anesthesia 21
to the upper lumbar epidural space.49 Greater cranial spread (up to C2-3) after epidural 
injection at the C7-T1 level has been reported when larger doses of LA are being used. 
However, even in this situation caudal spread is more extensive than cranial spread.50-52
Despite the di erences in spread of blockade in relation to the site of injection, no di er-
ences were found in the total number of segments blocked between di erent regions in 
the thoracic epidural space,29,48 indicating that it is safe to use the same initial dose of LA in 
high-thoracic, mid-thoracic and low-thoracic epidural anesthesia.
Patient position and gravity
In LEA, epidural injection of LA with the patient in the lateral position produces sensory 
block levels approximately 0-3 segments greater on the dependent side compared to 
injection with the patient in the supine position.21,53-60 No di erences have been found in 
maximal cranial spread between groups receiving equal amounts of epidural LA in the 
sitting or supine position.21,22,61 Some of these studies report slightly faster onset times 
in the lateral or sitting positions compared to the supine position.
Head down position of 15º has been shown to result in higher block levels with faster 
onset times after lumbar epidural injection of LA in pregnant women.62 There has been 
one case report where a high epidural block was diagnosed in an elderly patient, which 
made mechanical ventilation necessary. This patient had received a continuous epidural 
infusion through a low-thoracic epidural catheter, while being in a 15º head down litho-
tomy position for 4.5 hrs.63
We are unaware of any studies on the e ects of patient position and gravity in TEA. 
However, with regard to position only, it has recently been shown that high thoracic 
(catheter tip at T1-2) epidural injection of contrast medium with the patient’s neck in 
extension or neutral position results in limited cranial spread, while signi cant cranial 
spread was observed in patients after injection with the neck  exed.64
Needle direction and catheter position
Epidural injection through a Tuohy needle with the bevel oriented to one side1 or 
caudal65,66 has no or only minor e ects on the spread of sensory blockade compared 
to injection directed cephalad. However, both in lumbar67,68 and cervical69 epidural 
anesthesia, threading an epidural catheter with the Tuohy needle rotated 45º toward 
the operative side has recently been shown to produce a preferential distribution of 
sensory and motor blockade toward this side. In pregnant women, insertion of an epi-
dural catheter with the bevel of the Tuohy needle oriented laterally resulted in greater 
di  culty passing the catheter and more often paresthesia.70 In contrast with the reports 
mentioned above, no di erences were found in the incidence of asymmetric block.
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Orienting the bevel of the Tuohy needle caudad or cranial does not reliably predict  nal 
lumbar71 nor thoracic48,72,73 epidural catheter position relative to the puncture site. Also, 
thoracic epidural catheters have been shown to progressively withdraw during the  rst 
three days after insertion.73 The optimal distance to thread a catheter into the lumbar 
epidural space is suggested to be 4-6 cm.74,75 Threading shorter or longer distances may 
result in inadequate analgesia or increased incidence of venous cannulation, respec-
tively. Fortunately, CT imaging and clinical experience demonstrate that a large variety 
of lumbar epidural catheter tip positions and solution distribution results in equally 
satisfactory epidural anesthesia.76
Injection through needle vs. injection through catheter
Whether injection of LA through a Tuohy needle versus an epidural catheter yields dif-
ferences in epidural spread remains controversial. Lumbar epidural bolus injection of LA 
via either a Tuohy needle or a catheter did not result in di erences in epidural spread in 
patients undergoing cesarean section77 or lower extremity surgery.78 In contrast, injec-
tion of 14 mL lidocaine 2% through an epidural catheter resulted in a spread of sensory 
blockade 4 segments greater compared to injection at the same rate through a Tuohy 
needle.79 Another study comparing these two modes of injection in pregnant women 
reported better quality of anesthesia when LA was injected via an epidural catheter.80
However, injection times di ered by a factor of three between groups, which may have 
a ected the results.
Epidural catheter design
Epidural catheters may be categorized as either single-ori ce (SO) or multi-ori ce (MO) 
designs. In vitro, using injection pressures derived from in vivo measurements, di eren-
tial  ow has been observed from MO epidural catheters, i.e. the  ow appears  rst at the 
proximal, than the middle, and  nally the distal ori ces.81 With low injection pressures, 
 ow is largest from the proximal hole, and no  ow was observed from the distal hole, 
rendering a MO catheter e ectively a SO variant.
Comparisons between these two catheter designs are commonly presented as di er-
ences in the quality of analgesia, rather than di erences in spread of sensory blockade. 
In this regard, MO catheters have been shown to be superior to SO catheters in obstetric 
LEA.82-84 In particular, unilateral analgesia and missed segments are reported to occur 
more frequently when a SO catheter is used.84 In contrast, one study did not  nd any 
di erences in the quality of analgesia between SO and MO catheters.85 Furthermore, 
injection of contrast medium resulted in a similar number of segments covered by 
dye above and below the injection site with both catheter designs.86 With newer soft-
tipped SO catheters, the lower incidence of paresthesias and venous cannulation during 
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placement should be weighed against the higher incidence of inadequate or unilateral 
analgesia reported with this type of catheter.87,88 We are unaware of any studies compar-
ing di erent designs of MO catheters (e.g. longitudinal vs. circumferential alignment of 
ori ces).
Fractional vs. single bolus injection
In low TEA, the e ect of timing of fractionated doses of LA on the spread of sensory 
blockade has been investigated. Administration of 2 doses of 5 mL of LA with an interval 
of 5 min. produced an epidural block of similar extent as a single injection of 10 mL of 
LA. However, with an interval of 10 min, the number of segments blocked was smaller 
compared to the two other modes of injection mentioned.89 The authors suggested that 
di erences in residual epidural pressures (see below) may explain these di erences. 
Also, prior injection of large volumes (5-10 mL) of saline, e.g. when the loss of resistance 
technique is used, may result in a greater spread of neural blockade after injecting LAs.90
This phenomenon appears to be exaggerated when the interval between both injec-
tions is short.91
Speed of injection
In LEA, only one study has reported a positive correlation between speed of injection 
and cranial spread of blockade: Injection through a Tuohy needle of 14 mL lidocaine 
2% at a rate of 1.2 mL/sec resulted in a spread of sensory blockade 4 segments greater 
compared to injection at a rate of 0.24 mL/sec.79 In contrast, rapid injection of mepiva-
caine 8 mL in 8 sec vs. 160 sec resulted in the same number of dermatomes blocked 
after 15 min.92 However, onset of blockade was quicker in the fast injection group. The 
number of patients with perineal blockade after 5 min was more than four times higher 
in the fast injection group compared to the slow injection group. This phenomenon 
may be clinically useful when LEA is used for surgical anesthesia in a busy operating 
room schedule. A similar number of dermatomes blocked or maximum cranial level of 
blockade after 30 min with66,93 or without faster onset55 has also been reported by other 
investigators. Whether speed of injection may exert its e ect on the spread of blockade 
through changes in epidural pressure remains controversial (see below).
Epidural pressures and pressures in adjacent body cavities
Epidural pressures
Pressure gradients within the epidural space and between this space and adjacent body 
cavities have been implicated to play a role in the distribution of LA injected in the tho-
racic epidural space.31,48 Since sensory block after both low-thoracic and high-thoracic 
epidural injection of lidocaine spreads from the site of injection toward the mid-thoracic 
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epidural space,29,48,64,94 it has been suggested that the latter may harbor a lower pressure.48
This may facilitate spread of LA toward the mid-thoracic epidural space. Indeed, a small, 
but statistically signi cant di erence in epidural pressure has been demonstrated, with 
the mid-thoracic epidural pressure being slightly lower than the low-thoracic epidural 
pressure.95 Also, in this study, sub-atmospheric pressure was observed more frequently 
in the mid-thoracic compared to the low-thoracic epidural space. It is di  cult to compare 
studies on epidural pressures because of the many di erences in study design, de ni-
tion of epidural pressure, and lack of homogeneity in the populations studied. It should 
be noted that debate continues whether epidural pressure is positive or negative (with 
regard to atmosphere), and whether the pressures reported represent true pressures or 
artifacts.96 Epidural pressure has been found to be positive by some authors,95,97-99 but 
slightly negative by others.31,96,100,101 In the light of the pressures generated by epidural 
injection,102 it remains to be investigated whether pressure gradients within the epidural 
space are su  cient to in uence spread of LA.
Lumbar epidural pressure after epidural injection of LA may be correlated to the spread 
of sensory block. However, both positive19,31,35 and negative55,102,103 correlations have 
been reported.
Pressures in adjacent body cavities
Since the epidural space is continuous with or adjoins many other body cavities, pres-
sures in these cavities may also in uence the spread of sensory blockade. The di erence 
in patency after a given amount of injected air between the thoracic and lumbar epidural 
spaces, as seen by the epiduroscope, may be in uenced by the negative intrapleural and 
positive intraabdominal pressures.36 Indeed, raising airway pressure using a continuous 
positive airway pressure (CPAP) device increases the number of segments blocked after 
a low-thoracic epidural injection of lidocaine by 57%, primarily through a more caudad 
spread of the block.104 Furthermore, a more cranial extension of sensory blockade was 
demonstrated after cervico-thoracic (C6-7 or C7-T1) epidural injection of lidocaine in 
patients breathing on CPAP.105 Therefore, when airway pressure is raised by the applica-
tion of CPAP, the distal border of sensory blockade extends further away from the thorax, 
i.e. more cranially after high-thoracic injection,105 and more caudad after low-thoracic 
injection.104 Although speculative, a similar e ect may occur during positive pressure 
ventilation in anesthetized patients.104
Alteration of epidural pressure by CPAP could not be con rmed.104 Although pneumoperi-
toneum during laparoscopic procedures106 and ventilation with positive end expiratory 
pressure (PEEP)107 have been shown to increase epidural pressure, there are no studies that 
have investigated the e ects of these maneuvers on the spread of epidural blockade.
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Local anesthetics
Total dose, concentration vs. volume
Obviously, the amount of LA injected in uences the spread of epidural blockade. How-
ever, the notion that increasing the dose of LA results in a linear increase in the spread 
of blockade13 has often been questioned. While such a linear relationship may exist 
in patients younger than 40 years,14 in patients of 50 years and older, the relationship 
between dose and number of segments blocked is dependent on the volume already 
injected, i.e. the higher the volume already injected, the higher the dose requirement to 
block one extra segment (Fig 3).14,21,23,108 Indeed, a linear relationship between segmen-
tal dose requirements and dose already injected has been described.14,21,108 Given this 
complex relationship between LA dose and sensory blockade, formulas that have been 
proposed to predict segmental dose requirements of LA are equally complex.108 How-
ever, simpler formulas derived from cubic polynomial equations have been validated in 
clinical practice.109
Many studies have compared the e ects of administering equal doses of LA, in solutions 
with di erent concentrations. The conclusion that the same total mass of drug given 
in di erent concentrations and volumes produces similar spread of sensory blockade 
and equally e ective analgesia is widely supported in LEA for bolus injections.2,20,110 In 
TEA, this has been demonstrated both for single bolus injection48,111 and for continu-
ous epidural infusion.112-115 However, some authors have reported cranial block levels Fig 3. 
 
 
 
 
 
 
Fig 3. Scattergram and cubic polynomial  t between injected volume of 2% mepivacaine and number of 
anesthetized dermatomes. This  gure illustrates the observation that the spread of epidural anesthesia changes 
proportionally more after a small volume of local anesthetic is administered than after a larger dose is given. From 
reference 108.
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2-4 segments higher with low concentrations compared to higher concentrations of LA, 
without di erences in quality of analgesia or incidence of motor block.116-119 Others have 
reported better analgesia with higher volumes of LA.120 Although administration of the 
same mass of LAs in di erent volumes results in similar spread of neural blockade, the 
intensity of blockade may vary with the concentration of LA. Di erences in intensity of 
sensory blockade using cutaneous electrical stimulation between groups receiving equal 
amounts of LA in di erent volumes have both been con rmed121 and uncon rmed.119
Most reports on perioperative epidural analgesia using bupivacaine have studied con-
centrations ranging from 0.1% to 0.5 %. Since all studies mentioned above report equally 
satisfactory analgesia using di erent combinations of volume and concentration, the 
potential di erence in intensity of blockade appears not to be clinically relevant.
Interestingly, it has recently been demonstrated that 2% lidocaine diluted with the 
same volume of saline produces less potent epidural blockade, in terms of number of 
segments blocked and achievement of perineal blockade, than commercially prepared 
1% lidocaine.122 This may be explained by di erences in the concentrations of sodium, 
chloride, hydroxide, and hydrogen ions.
Additives to local anesthetics
Bicarbonate
An increase in pH by adding bicarbonate to a solution of LA results in an increase in the 
nonionized fraction of the LA and improved nerve penetration.123,124 Adding bicarbonate 
increases the pain threshold in blocked dermatomes,125-127 increases the depth of motor 
block,127 and reduces the time to onset of blockade of the  rst sacral segment.127 In con-
trast, spread of sensory blockade as evaluated by pinprick is not a ected,126,127 however, 
the sample sizes in these studies were based on pain threshold data and may have been 
too small to demonstrate a di erence in spread of blockade.
α2 agonists and opioids
Stimulation of α2 receptors located in the spinal cord produces antinociception.
128 Indeed, 
both epinephrine and clonidine produce segmental hypoalgesia.129 Adding α2 agonists 
to LA results in faster onset and longer duration of sensory and motor blockade,130 de-
creased plasma LA levels,131 and improved intraoperative anesthetic quality.131 However, 
spread of sensory block has been shown to be similar after injection of levobupivacaine 
alone, or with various amounts of epinephrine.131
Opioids exert their spinal analgesic e ects at the level of the dorsal horn.132 Whether epi-
durally injected opioids produce analgesia through a spinal or supra-spinal mechanism 
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or both,132,133 is beyond the scope of this article. However, it is clear that the synergistic 
action134,135 between these two types of drugs allows a reduction in the dose and side 
e ects of both LA and opioid, while enhancing the degree of pain relief. Adding opi-
oids to epidural LA has been shown to hasten the onset, but not a ect the spread of 
sensory blockade.136 No di erence in extent of sensory blockade was found between 
groups receiving epidural bupivacaine with sufentanil added epidurally versus IV,137
while consumption of sufentanil in the epidural group was half that of the IV group. 
However, since sample size was based on sufentanil consumption, this study may have 
been underpowered to demonstrate a di erence in spread of blockade.
Sympathetic block
Over the last 10-15 years, epidural sympathetic neural blockade has been recognized for 
its potential to improve postoperative outcome in cardiac138 and colorectal surgery.139
Sympathicolysis of the cardiac acceleration  bers (T1-4) may contribute to improved 
cardiac oxygen balance and decreased biochemical markers of perioperative cardiac 
ischemia,138 while blockade of the splanchnic sympathetic nerves (T6-L1) may protect 
against perioperative intestinal ischemia,140 and is associated with quicker return of 
bowel function and general recovery.139 Indeed, a future therapeutic role for low TEA has 
been suggested in the treatment of septic shock.140
Despite the possible presence of a small zone of di erential block, spread of sympathetic 
blockade generally follows the same patterns as sensory blockade.141,142 Using changes in 
regional skin temperature in the lower extremities as an indirect indicator of diminished 
e erent sympathetic nerve activity, both animal143 and human144 studies have indicated 
that the sympathetic blockade associated with segmental high TEA may extend caudally 
beyond the area of sensory blockade. However, the change in foot skin temperature is 
much smaller compared to that induced by LEA.144 Furthermore, direct techniques such 
as muscle and skin sympathetic nerve activity measurements with microelectrodes have 
shown no inhibition of resting sympathetic nerve activity to the legs by TEA limited to 
the upper thoracic dermatomes.145 Conversely, LEA induces compensatory vasoconstric-
tion146 and increased cardiac sympathetic nerve activity147 in unblocked areas. Therefore, 
when epidural anesthesia is to be employed for both its analgesic and sympathicolytic 
e ects, both these e ects should be taken into account when selecting the epidural 
puncture site. This means, for example, that to provide complete sensory blockade of 
the cardiac acceleration  bers, high TEA should be selected, and to block the splanchnic 
sympathetic system low TEA should be employed (Table 1).29,48
Degrees of sympathetic blockade in clinical studies are most often derived from 
changes in hemodynamic parameters, e.g. blood pressure, heart rate or cardiac output. 
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These cardiovascular sequelae of epidural anesthesia have been reviewed elsewhere.141
Speci cally, factors that are positively correlated with the incidence of hypotension and 
bradycardia during LEA include increasing body weight, spread of sensory blockade, 
and the addition of fentanyl to the LA.148 In high TEA, no changes in hemodynamic 
parameters were observed when comparing equal volumes of 0.25% bupivacaine to 
0.375% in a cross-over design.51
Type of
surgery
Suggested
puncture site
RationaleSee text for details Typical spread
after test dose 
of LA (3 mL)
Typical spread 
after loading 
dose of LA
(10-20 mL)
Typical spread 
with
continuous 
infusion
of LA
Cardiac High-thoracic
C7-T2
-  sensory blockade primarily caudal 
of puncture site
-  sensory blockade covers 
sternotomy
-  provides e ective sympathetic 
block of cardiac acceleration 
 bers T1-4
-  documented adequate analgesia
-  potential for faster recovery, 
cardiac protection
C7-T1 to T4-7 
29,48,64,105
C7-T1 to T6-11 
160,161
C6-8 to T6-9 151
Thoracic Mid-thoracic
T2-6
-  distribution of sensory blockade 
equally cranial and caudal
-  sensory blockade covers 
thoracotomy
- documented adequate analgesia
- documented improved outcome
T1-2 to T6-7 
29,48,95
No data T2 to T6 163
Abdominal Low-thoracic
T6-L1
-  sensory blockade primarily cranial 
of puncture site
-  sensory blockade covers 
laparotomy
-  provides e ective splanchnic 
sympathetic block
- documented adequate analgesia
-  superior analgesia compared 
to LEA
- less motor block compared to LEA
- documented improved outcome
T3-5 to T9-11 
29,48,89,95,104
C6-T1 to T11-
L4 162
T4-6 to T10-L2 
137,157,164
Lower extremity
Pelvic
Peripheral 
vascular
Obstetric 
analgesia
Lumbar
L2-5
-  sensory blockade covers incision 
or labor pain
-  provides sympathetic block to 
legs
No data T8-10 to S5126,154 T8-10 to S2 153,154
Table 1. Recommendations for epidural puncture site. Typical spread may vary with concentration and volume of 
the LA and with puncture site within one area.
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Motor block
One of the attractive features of TEA compared to LEA is its lack of signi cant motor 
block of the lower extremities. However, motor block of the phrenic nerve and both 
upper and lower extremities can occur in TEA, depending on the puncture site.
Phrenic nerve motor block
Phrenic nerve function has been studied in patients receiving cervico-thoracic epidural 
anesthesia. Injection of 3 105 or 15 mL52 of 2 % lidocaine at the C7-T1 interspace resulted 
in only mild changes in pulmonary function as measured by FEV1, FVC and maximum 
inspiratory pressure. In contrast, using the same parameters and epidural catheters at 
the same interspace, a clinically important impairment of pulmonary function was ob-
served in a concentration-dependent manner after injection of both bupivacaine 0.25% 
or 0.375%50 and lidocaine 0.5%, 1% and 2%.149 In an older study, inspiratory capacity 
(IC), vital capacity (VC), total lung capacity (TLC) and FEV1 were reduced by TEA using 
10 mL of mepivacaine 2% at both the C7-T1 and T12-L1 levels.150 These changes were 
signi cantly greater with TEA at the high-thoracic compared to the low-thoracic punc-
ture site. In contrast, functional residual capacity (FRC) decreased after low TEA but not 
after high TEA. Changes in pO2 and pCO2 were only minor. The authors concluded that 
motor block of both the diaphragm and the intercostal muscles may play a role in the 
ventilatory changes.
Upper extremity motor block
A concentration-dependent decrease of hand strength has been demonstrated in 
cervico-thoracic epidural anesthesia.50 Mild hand weakness occurred in 16% of patients 
receiving continuous high TEA for cardiac surgery.151 Using a scoring scale for arm move-
ments, decreased upper extremity motor function was demonstrated in 30% of patients 
with epidural catheters between C7 and T4.152 Indeed, this scale has been proposed to 
serve as a simple and reliable method for the early detection of cephalad spread of TEA, 
before this a ects phrenic nerve function.152
Lower extremity motor block
Some degree of lower extremity motor block is practically inevitable in LEA. With con-
tinuous infusion of LA, increasing degrees of motor blockade have been reported with 
increasing infusion rates while the concentration of the LA is held constant,153 or when 
the concentration of LA is increased while the infusion rate is held constant.115,154 There-
fore, similar to the spread of sensory blockade, total mass of LA appears to be the most 
important factor concerning the degree of lower extremity motor block. This has been 
con rmed in volunteers receiving di erent concentrations and volumes of equal doses 
of LA.119 Adding opioids to the LA accelerates the onset of motor blockade in LEA.136 The 
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SENSORY SYMPATHETIC MOTOR NOTES REFERENCES
PATIENT CHARACTERISTICS
Age + ++ +++ Con icting results 
between the 
various studies. 3-8 
segments more, 
dose requirement 
40% less when > 
60 yrs. Correlation 
stronger in TEA 
than in LEA, 
and stronger for 
autonomic and 
motor block than 
for sensory block
Positive correlation: 
12-17,27-30.
No or small 
correlation: 18,20-
22-26
Height 0/+ ? ? No or small 
correlations
No relation: 20,22,29
Positive relation:30
Pregnancy ++ ++ ++ Generally higher 
block levels
45
Dural surface area + ? ? Inverse correlation 
between dural 
surface area and 
peak sensory block
47
Posterior epidural fat 
volume
? ? + Inverse correlation 
between posterior 
epidural fat volume 
and degree of 
motor block
47
ANESTHESIOLOGIST DETERMINED
Epidural puncture site
High-thoracic Caudal Spread ? ? Does not have 
e ect on number 
of segments 
blocked, but does 
in uence direction 
of spread
29,48,50-52,64
Mid-thoracic Even distribution ? ? 29,48
Low-thoracic Cephalad Spread ? ? 29,48
Patient positioning
Sitting or laterally 
recumbent versus 
supine
+ ? + Quicker onset 
and blockade 1-2 
segments greater 
than supine
21,53-60
Head down + ? ? Quicker onset 
times, slightly 
higher block levels
62
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Local anesthetics
Total dose ++++ ++++ ++++ Non-linear 
relationship 
between dose 
and number of 
segments blocked, 
linear relationship 
between 
segmental dose 
requirements 
and dose already 
injected
2,14,18,20,21,23,109
Volume/concentration 
relationship
0/+ 0 0 2,20,48,110-115,120
Additives (bicarbonate, 
α2 agonists, opioids)
0 0 + Quicker onset 
of blockade, 
no change in 
segments blocked; 
more pronounced 
motor block with 
bicarbonate
126,127,130,131
Method of injection
Needle versus catheter 0/+ ? ? Possibly higher 
block level after 
injection through 
catheter compared 
to needle
77-80
Speed of injection 0/+ ? ? Quicker onset of 
blockade; possibly 
higher block 
levels after rapid 
injection
55,79,92,93
Fractional injection 
versus single bolus
+ ? ? Fractional injection 
resembles single 
shot injection 
when intervals are 
shorter
89-91
Needle direction and 
catheter position
+/0 ? ? No or only minor 
e ects
65,66
Threading of catheter 
to side
++ + ? Preferential 
distribution of 
sensory and 
motor block with 
threading of 
catheter to one 
side
67-69
Table 2. Summary of factors a ecting the spread of epidural neural blockade. There is an ordinal indication of 
various factor correlation to the spread of neural blockade [from low (+) to high (++++), no correlation evident 
(0), no information available (?)].  Conjecture or additional notes included, and reference to pertinent literature 
indicated.
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intensity of motor block is not in uenced by the speed of epidural injection,92 while it 
is increased when bicarbonate is added to the LA127 and in older patients.15,25,26,155 The 
decrease in conduction velocity in older patients a ects motor nerves in particular,37
which may explain why there is less controversy on the e ect of age on motor blockade 
compared to the e ect of age on sensory blockade. Lumbar epidural injection in the 
lateral position results in more profound motor block on the dependent side.18,60 While 
not a clinically useful parameter, posterior epidural fat volume is inversely correlated 
with the degree of motor block.47
In TEA, motor block can often be avoided, or is present in only mild degrees.113,114,116-118,156 A 
high concentration of LA in a low volume may cause less motor block to the lower extremi-
ties in TEA,114 although this could not be con rmed in other studies by the same117 and 
other authors.156 Placement of catheters in proximity to lumbar spinal segments increases 
the risk of motor block when compared to a more cephalad approach.117,157,158 The severity 
of lower extremity motor block in TEA may also be decreased by using patient controlled 
epidural analgesia (PCEA) instead of continuous infusion of LA, as this results in lower 
amounts of drugs used, while maintaining equally satisfactory levels of analgesia.113,156,159
Conclusion
Factors a ecting the distribution of epidural block
Distribution of sensory blockade after epidural injection of LA varies widely among 
individuals, and may only be partially predicted based upon known factors. Based on 
this review, the total mass of LA appears to be most important factor in determining the 
extent of sensory, sympathetic, and motor neural blockade, while the site of epidural 
puncture governs the pattern of distribution of sensory blockade relative to the injec-
tion site. Age may be positively correlated with the spread of sensory blockade, although 
the evidence is somewhat stronger for TEA than for LEA. Other patient characteristics 
and technical details such as patient position and mode and speed of injection have all 
been shown to exert only a small e ect on the distribution of sensory blockade, or their 
e ects are controversial. However, combinations of several patient and technical factors 
may aid in predicting LA dose requirements. Also, maneuvers such as rapid injection, 
placing the patient in the lateral position, or adding bicarbonate to LA solutions may be 
applied to quicken the onset of blockade.
In analogy to the common description of action of inotropic drugs, the in uence of the 
factors mentioned above may be summarized in a semi-quantitative fashion as pre-
sented in Table 2.
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Selection of epidural puncture site
It has been suggested that epidural catheters should be sited at an intervertebral space 
that represents the middle of the area of surgical incision.115 However, we feel this advice 
does not take into account the di erent patterns of distribution after single injection or 
continuous infusion of LA. Also, with the recent recognition of the bene cial e ects of 
sympathicolysis, sympathetic epidural blockade in a particular area of the body may be 
considered as important as satisfactory analgesia. Based on this review, we have formu-
lated suggested epidural puncture sites for various surgical indications that may serve 
to accomplish both goals (Table 1).
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chapter two
Extension of sensory blockade after thoracic 
epidural administration of a testdose 
of lidocaine at three different levels
Anesthesia and Analgesia 1998; 86: 332-5
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Abstract
To evaluate the relationship between the level of thoracic epidural injection and the 
extension of sensory blockade, we inserted radiopaque epidural catheters in 87 patients 
at the high (C7-T2, n= 28), mid (T3-T5, n= 29) or low-thoracic (T7-T9, n= 30) levels.
Fifteen minutes after epidural administration of 60 mg lidocaine, the mean sensory block 
extension varied from 5.4 (SD 3.1) to 7.7 (SD 1.8) segments. The level of epidural punc-
ture was a statistically signi cant factor in determining the cranial and caudal borders of 
sensory blockade (p= 0.0001, analysis of variance), but not for the total number of seg-
ments blocked. The number of blocked dermatomes located cranially of the puncture 
level increased signi  cantly with descending injection site (p= 0.0001).
We acquired chest radiographs in 61 patients to determine epidural catheter tip posi-
tion. Direction of the epidural catheter tip was not a signi cant factor in determining 
extension or borders of sensory blockade.
We conclude that the extension of sensory blockade in thoracic epidural anesthesia is 
not in uenced by the level of epidural puncture or catheter tip direction. There is, how-
ever, a more cranial spread of sensory blockade in the low thoracic region compared to 
the high thoracic region.
Keywords:
Thoracic epidural anesthesia, lidocaine, test dose.
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Introduction
Despite an increasing use of thoracic epidural analgesia (TEA), a relationship between 
site of epidural injection, volume and concentration of the local anesthetic and the 
extension of sensory blockade remains to be established. Most textbooks on regional 
anesthesia regard the thoracic spinal column as a single entity and compare dose re-
quirements in this area with the cervical or lumbar region. However, the thoracic spinal 
column takes up about half of the length of the entire spinal column and includes verte-
brae which di er markedly in shape and size.1 These factors may bring about di erences 
in exten sion of neural blockade within the thoracic area. In accordance with this, from 
our own clinical experience it appeared that sensory block extension was greater after 
epidural injection of a test dose of local anesthetic at the T1-2 level than at the T8-9 level. 
We therefore compared the sensory block extension after epidural administration of a 
test dose of 60 mg lidocaine at three di erent levels in the thora cic epidural space.
Materials and Methods
We performed a power analysis for one sided testing, expecting an extension of blockade 
in the low thoracic group of 5 +/-2 segments and considering an increase in extension 
of block ade in the high thoracic group of 50% (2.5 segments) clinically relevant. With 
alpha= 0.05 and beta= 0.1 we calculated a sample size of 11 patients per group.
Although for statistical reasons11 patients per group would be su  cient, we included 
in this study after institutional approval and obtaining informed consent, 90 patients 
(6 groups of 15 patients), aged 18 to 80 years, height 160-200 cm, scheduled for elec-
tive sternotomy, thoracotomy or laparotomy. All patients were orally premedicated 
with 10 to 25 mg oxazepam. After insertion of an intravenous cannula, a Flex Tip PlusTM
radiopaque end-hole epidural catheter (Arrow International Inc., Reading, PA, U.S.A.) 
was inserted 3 cm into the epidural space, with the bevel of the Tuohy needle directed 
upward. The epidural space was identi ed by means of the hanging drop technique, 
using the midline approach at the high thoracic level (C7-T1 or T1-2), and paramedian 
approach at the mid-thoracic (T3-4 or T4-5) and low-thoracic (T7-8 or T8-9) levels. The 
vertebra prominens was used as a reference point for C7 and the scapular borders were 
used as a reference point for T8.1 Local anesthetic, either 3 mL plain lidocaine 2% or 6 mL 
plain lidocaine 1%, was selected from a closed envelope. While the patient was being 
monitored with electrocardio gram, pulse oximetry and automatic non-invasive blood 
pressure measurement, the local anesthetic was injected into the catheter with an injec-
tion rate of 1 mL per 10 seconds. The injection rate was kept constant to eliminate its 
possible e ect on extension of epidural blockade.2 Another investigator, unaware of the 
selected local anesthetic solution (but not of the epidural puncture level), determined 
the extension of sensory blockade bilaterally, using loss of sensory discrimination (pin 
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prick) and loss of temperature discrimination (ice) methods, at 5, 10, and 15 minutes 
after injection. In case of asymmetrical blockade, the greatest extension of blockade 
was recorded. If clinically indicated (placement of a central venous catheter and/or con-
tinued postoperative arti cial ventilation), a chest X-ray was taken in the postoperative 
period, and the position of the epidural catheter determined.
The in uences of puncture level (three level factor) and concentration (two level factor) 
on extension of sensory blockade were analyzed in a two factor analysis of variance 
(ANOVA). The e ect of catheter tip direction on extension of blockade and the e ect of 
puncture level on number of blocked dermatomes located cranially of the puncture site 
were also analyzed using ANOVA. Incidences were compared using the chi squared test. 
Data are reported as mean values with standard deviation in parentheses: mean (SD). A 
p value < 0.05 was consi dered signi cant.
Results
Our study was discontinued after 87 patients (three groups of 14 patients and three 
groups of 15 patients) due to departmental rotation of anesthesia sta . There were no 
di erences in mean patient age, height, weight and male/female ratio between the 
study groups (Table 1). There were no signi cant changes in blood pressure, heart rate 
and oxygen saturation during the study period.
High-thoracic Mid-thoracic Low-thoracic
lidocaine 1% lidocaine 2% lidocaine 1% lidocaine 2% lidocaine 1% lidocaine 2%
n = 14 14 14 15 15 15
Age
(years)
57.9 (8.1)
45-69
57.8 (11.0)
37-74
51.7 (17.2)
18-76
50.3 (18.9)
18-76
51.3 (18.1)
20-73
60.1 (15.3)
30-80
Length
(cm)
173.0 (7.6)
162-185
169.7 (8.8)
160-182
175.4 (6.8)
164-189
177.5 (8.6)
165-197
180.4 (9.7)
160-193
173.2 (7.5)
162-190
Weight
(kg)
79.7 (10.8)
65-104
72.6 (10.1)
54-89
70.7 (13.3)
52-105
74.7 (14.6)
50-116
79.2 (12.5)
53-100
72.4 (9.9)
54-89
Male/female 10 /4 9 /5 10 /4 11 /4 10 /5 9 /6
Table 1. Demographic data, presented as mean (SD), with range in italics. There were no statistically signi cant 
di erences in means age, heigth and weight or male:female ratio.
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The level of epidural puncture was a statistically signi cant factor in determining the 
cranial and caudal borders of sensory blockade (p= 0.0001, Fig1 and 2). Fifteen min after 
epidural injection, mean block extension varied from 5.4 (3.1) to 7.7 (1.8) segments, with 
no statistically signi cant di erence between the high, mid- and low-thoracic groups 
(Fig 3). Neither the level of epidural puncture nor concentration and volume of the lo-
cal anesthetic were statistically signi cant factors in determining the total number of 
dermatomes blocked after 15 minutes. There was no di erence between testing with 
pinprick vs loss of temperature sensation. The number of blocked dermatomes located 
cranially of the puncture level increa sed signi cantly with descending injection site (p= 
0.0001,  g 1 and 2).
We acquired interpretable chest radiographs in 61 patients (25 in the high-thoracic 
group, 22 in the mid-thoracic group and 14 in the low-thoracic group). In 95 %, the 
cather tip was positioned at the level of insertion or one level either cranial or caudad 
from the level of insertion as estimated by bony landmarks. Catheter direction was cra-
nial in 43%, caudad in 55% and horizontal in 2% of patients. This was not a statistically 
signi cant factor in determi ning block extension or cranial border of blockade. Catheter 
direction was not related to epidural puncture level.
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Figure 1. Extension of sensory blockade tested by pinprick after administration of 6 mL lidocaine 1% in the high 
(C7-T2), mid (T2-4) or low (T7-9) thoracic epidural space. Data represent means ± SD. Arrows indicate the level of 
epidural puncture.
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Figure 2. Extension of sensory blockade tested by pinprick after administration of 3 mL lidocaine 2% in the high 
(C7-T2), mid (T2-4) or low (T7-9) thoracic epidural space. Data represent means ± SD. Arrows indicate the level of 
epidural puncture.
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 Figure 3. Total number of dermatomes blocked 15 min after administration of 60 mg lidocaine (6 mL lidocaine 1% 
or 3 mL lidocaine 2%) at three di erent levels of the thoracic epidural space. Data represent means ± SD. Black bars, 
lidocaine 1%, white bars, lidocaine 2%.
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Discussion
Our main goal was to test our hypothesis that there is a correlation between the level of 
epidural puncture and the extension of sensory blockade. However, the total number of 
dermatomes blocked was unrelated to the level of epidural puncture. With the number 
of patients investigated and the distribution found, the detection limit to reach statisti-
cal signi cance would be a di erence of 2.5 dermatomes. We therefore conclude that 
there is no clinically important relationship between level of thoracic epidural punc-
ture and extension of sensory blockade. The level of epidural puncture was, however, a 
statistically signi cant factor in determining the cranial and caudad borders of sensory 
block ade. Hopf et al. found similar results,3 but their study was designed for another 
purpose and their results on block extension were not supported by statistical analysis. 
Also, the sites of epidural injection were further apart and they investigated a smaller 
number of patients.
Although the alteration in local anesthetic concentration and volume did not produce a 
change su  cient to be detected with the 2.5 dermatomes sensivity limit of the present 
study, it is possible that changes of a magnitude smaller than this limit may have oc-
cured which were not detected by this statistical methodology. In accordance with the 
work of Bromage4 and other investigators,5 the total amount of local anesthetic appears 
to be the most important factor. However, previous investigations have studied mainly 
lumbar epidural anesthesia.
There was more cranial spread of sensory blockade in relation to the puncture level 
in the low-thoracic group compared to the high- and mid thoracic groups ( g 1 and 
2). Indeed, the number of blocked dermatomes cranial to the puncture site increased 
signi cantly (p= 0.0001) with descending puncture level. This is well recognized in clini-
cal practice and also evident in the results by Hopf et al.3 However, we are unaware of 
previous studies with statistical evidence for this phenomenon. We postulate three pos-
sible mechanisms for the caudad spread of blockade in high TEA and cranial spread of 
blockade in low TEA. Firstly, the epidural space varies with the vertebral level, ranging 
from 1 to 1.5 mm at C5 to 2.5 to 3 mm at T6 to its widest point 5 to 6 mm at the L2 level.6
This tapering shape may facilitate caudad spread of local anesthetic administered at the 
high thoracic level. Secondly, the more negative pressure in the mid-thoracic epidural 
space compared to the cervical and lumbar epidural space7 may cause local anesthetic 
to di use preferentially towards this area. Thirdly, the greater relative volume of the 
spinal cord and the thecal sac in the cervical and high lumbar area within the bony 
canal,1 probably limits the cranial spread of local anesthetic in high TEA and caudad 
spread in low TEA. Other factors may include di erences in the size of the interverte-
bral foramina and spinal roots. Larger intervertebral foramina may allow more leakage 
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of local anesthetic out of the epidural space. The thickened cervical roots may reduce 
the e ecti ve block e ect in the cervical area. However, we believe that these factors 
would cause di erences in block extension rather than in the pattern of the spread of 
blockade.
Our study con rms that the  nal location of the thoracic epidural catheter tip occurs 
randomly. This was recently demonstrated by Hendriks et al.8 Since we found a similar 
distribution of catheter tip direction in all groups, the level of epidural puncture and 
midline or paramedian approach do not appear to be important factors. In contrast with 
a study on lumbar epidural anesthesia by Tiso et al.,9 catheter tip direction was neither a 
signi cant factor in determining the total number of dermatomes blocked, nor in deter-
mining the level of the cranial border of sensory blockade.
Our study could be criticized for the wide range of ages. However, controversy on the 
subject of the e ect of age on the spread of epidural blockade still exists. Some authors 
found a signi cant decrease in local anesthetic requirements in epidural anesthesia 
with increasing age,10,11 while others found no or only a small e ect of age on epidural 
blockade.12,13
Our results have two implications for the clinical practice of TEA. Firstly, it appears safe to 
apply the same dose regimens of local anesthetic in the high thoracic area that are used 
in the mid- and low-thoracic areas. This is con rmed by our growing experience with 
high TEA for cardiac surgery, which shows that dose requirements for post-operative 
analgesia are similar in both high and low TEA. Secondly, to obtain adequate sensory 
blockade in high TEA, it is important to insert the epidural catheter at the level of the 
intended cranial border of blockade, since spread of sensory blockade is predominantly 
caudal in this region. Broekema et al. recently stressed the importance of choosing the 
correct puncture site also when using lipophi lic opioids such as sufentanil, since epidu-
ral injection of these drugs results in segmental analgesia.14
We conclude that neither the level of epidural puncture nor catheter tip direction in u-
ences the extension of sensory blockade in TEA to a clinically important extent. There is, 
however, a more cranial spread of sensory blockade in the low thoracic region compared 
to the high thoracic region.
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chapter three
Comparison of epidural pressures 
and incidence of true subatmospheric 
pressure between the mid- and 
low-thoracic epidural space
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Abstract:
Background:
Di erences in epidural pressure (EP) may in uence spread of blockade in thoracic epidu-
ral anesthesia. We evaluated if epidural pressure and the incidence of subatmospheric 
EP di ers between the mid- and low-thoracic epidural space.
Methods:
Patients received an epidural catheter at the T3-T5 (MID group, n= 20 ) or T7-10 (LOW 
group, n= 20) intervertebral space, respectively. The epidural space was identi ed using 
a Tuohy needle connected to a pressure transducer, after which EP was measured.
Results:
The epidural space could not be identi ed in three patients, who were excluded from 
the study. EP data are presented as median value (interquartile range). Median epidural 
pressure was 1 mm Hg (-1 to 4.5 ) in the MID group, and 4 mm Hg (2 to 7.8 ) in the LOW 
group (p= 0.04). The incidence of an epidural pressure ≤ 0 mmHg was 8 of 17 patients in 
the MID group and 2 of 20 patients in the LOW group (p= 0.02).
Conclusions:
We conclude that EP is lower, and the incidence of subatmospheric EP is higher in the 
mid-thoracic epidural space when compared with that in the low-thoracic epidural 
space. However, median EP was positive in both groups. It remains to be investigated 
whether this pressure gradient is su  cient to in uence the spread of thoracic epidural 
blockade.
Key words:
Thoracic epidural anesthesia, TEA, epidural pressure, spread, distribution
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Introduction
It is not clear which factors a ect the distribution of sensory blockade after epidural 
injection of local anesthetics (LAs). In an earlier study, we reported several clinically rel-
evant patterns of extension of thoracic epidural blockade after a test dose of lidocaine: 
spread of sensory blockade was primarily caudad after high thoracic administration of 
LAs (C7-T2), cephalad after low thoracic administration (T7-9), and equally caudad and 
cephalad after mid-thoracic administration (T3-5).1 We hypothesized that di erences in 
epidural pressure (EP) may cause LAs to spread toward the mid-thoracic region, as this 
region is closest to the intrathoracic space and thus may harbor a lower EP compared to 
the high- and low-thoracic regions. Previous publications on EP,2-8 have not systemati-
cally compared epidural pressures between two thoracic epidural regions. Also, debate 
continues as to whether a true subatmospheric pressure exists in the thoracic epidural 
space.2-5 We designed this study to evaluate if there is a di erence in EP between the 
mid-thoracic (T3-5) and low-thoracic (T7-10) epidural space, and if there is a di erence 
in the incidence of true subatmospheric epidural pressure between these sites.
Materials and methods
After local medical ethical committee approval and informed patient consent, we in-
cluded 20 patients scheduled for elective thoracotomy (MID group) and 20 patients for 
elective laparotomy (LOW group), ASA class I-III, aged 25 to 75 years, height 160-200 cm, 
and weight 55 to 100 kg in the study. Exclusion criteria consisted of general contrain-
dications for epidural anesthesia (blood clotting disorders, infection at the proposed 
insertion site, language barrier, patient refusal), pregnancy, large abdominal mass, his-
tory of back surgery, thoracotomy, or sternotomy, obstructive lung disease with a FEV1/
VC ratio < 60%, or a body mass index (weight in kg divided by the square of height in 
m) > 35 kg/m2.
All patients were placed in the left lateral position, with the spine  exed and parallel to 
the ground. A pressure transducer (Edwards Lifesciences, Irvine, CA) was taped to the 
back of the patients, no more than 10 cm away from the intended epidural puncture 
site, and with the side port at the level of the midline of the spine, as determined by 
palpation. Correct placement of the transducer was veri ed by an anesthesiologist or 
nurse anesthetist not involved in the study. The transducer was connected to a pressure 
monitor (Hewlett Packard, Amstelveen, The Netherlands) and a thermal array recorder 
and zeroed.
In the MID group, the T3-4 or T4-5 intervertebral space was identi ed by counting down 
from C7. In the LOW group, the line connecting the inferior angles of the scapulae, with 
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the arms adducted, was assumed to represent the level of the seventh thoracic vertebra 
or the T7-8 intervertebral space and the T8-9 or T9-10 intervertebral space was counted 
down from there.
Identi cation of the epidural space and measurement of epidural pressure was per-
formed as outlined by Okutomi et al.2 In brief, an 18G Perican Tuohy needle (B.Braun AG, 
Melsungen, Germany) was placed in the supraspinous ligament or ligamentum  avum, 
using the paramedian approach on the non dependent side of the patient. The stylet 
was then removed, and the needle was  lled with saline and connected to the pressure 
transducer via a 60 cm long PVC tube, also  lled with saline. After  ushing the transducer 
system, the pressure bag holding the saline reservoir was de ated and the reservoir was 
placed at the level of the patient’s spine. The Tuohy needle was slowly advanced until a 
tactile sensation of give was noted. The needle was then held immobile. The bevel of the 
needle was considered to have entered the epidural space when a concurrent sudden 
de ection in the pressure recording was seen, with the appearance of a typical pressure 
waveform, consisting of small oscillations, representing arterial pulsations, superim-
posed on greater oscillations, representing breathing ( g 1). In the absence of these 
typical pressure changes, the needle was further advanced and the procedure described 
above repeated. After identi cation of the epidural space, the needle was held immobile 
for at least 120 sec, to allow the EP to stabilize. At this time, the mean pressure displayed 
on the monitor was recorded.
Hoofdstuk 3 
Comparison of epidural pressures and incidence of true subatmospheric pressure 
betwe n he mid- and low-thoracic ep dural space 
 
 
Fig 1. 
 
0
5
10
- 5
- 10
- 15
Ep
id
ur
al
 p
re
ss
ur
e 
(m
m
 H
g)
Ligamentum
flavum
Epidural space 
pressure
Entry epidural 
space  
 
Figure 1. Sample waveform of epidural pressure, consisting of small oscillations, representing arterial pulsations, 
superimposed on greater oscillations, representing breathing. Recording speed 50 mm min-1.
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After successful identi cation of the epidural space, a 20G Peri x multihole epidural 
catheter (B.Braun AG, Melsungen, Germany) was inserted 4 cm beyond the needle tip. 
All patients were then positioned in the supine position with the head of the bed raised 
to 45°, and three mL of lidocaine 2% were injected by hand with a speed of 1 mL per 10 
sec. Twenty minutes after completion of the epidural injection, the borders of sensory 
blockade were assessed using a small ice pack, by an anesthesiologist not involved in 
the study.
Statistical analysis
We performed a power analysis using the data from Okutomi et al.2 They found a mean 
epidural pressure at the T7-8 level of 3.7 mmHg (SD 3.2). Therefore, a true negative pres-
sure in the mid-thoracic epidural space would require a pressure di erence of almost 4 
mm Hg. To demonstrate a di erence of 4 mm Hg, with α= 0.05 and β= 0.1, this resulted in 
a minimal sample size of 10 patients per group. However, since we were unaware of the 
range of pressures at the mid-thoracic epidural space, we included 20 patients per group.
Demographic data were analyzed using Student’s t-test, except the distribution of males 
versus females, which was analyzed using Fisher’s exact test. Primary endpoints were 
the EPs, which were analyzed using the Mann-Whitney U test. Incidences of true nega-
tive EP (≤ 0 mm Hg ) were compared using Fisher’s exact test. Secondary endpoints were 
the total number of segments blocked, and the number of segments blocked cranial 
and caudad to the site of injection. These data were analyzed using Student’s t-test. P 
values < 0.05 were considered statistically signi cant.
Results
With the exception of three patients, the epidural space was successfully identi ed in 
all patients using the method described above, as demonstrated by the development 
of a typical sensory block after injection of lidocaine. Three patients in the MID group 
failed to develop sensory blockade. In two of these three patients, an evident de ection 
was noted in the pressure tracing, with subsequent oscillations smaller than expected. 
One patient in the MID group showed an evident epidural pressure trace as described 
above, however, we were unable to advance a catheter through the Tuohy needle. These 
three patients successfully received another epidural catheter using the hanging drop 
method and were excluded from the study.
Demographic data are displayed in Table 1. There were no di erences in demographic 
data. EP and sensory blockade data are displayed in Table 2.
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Our study is the  rst to demonstrate a lower EP in the mid-thoracic epidural space com-
pared to the low-thoracic epidural space, using a closed pressure transducer system with 
the Tuohy needle held immobile, and with the patient in the lateral position. Also, we 
have demonstrated that the incidence of zero or true subatmospheric EP is higher in the 
mid-thoracic epidural space compared with the low-thoracic epidural space. However, 
the EP gradient and the magnitudes of the negative EPs measured were small: In most 
patients exhibiting a negative EP, pressures ranged from 0 to –3 mm Hg, with only two 
patients in the MID group demonstrating an EP of –15 and –16 mmHg, respectively. 
Indeed, median EPs in both groups were positive. Furthermore, we have con rmed the 
di erent patterns of sensory blockade after mid- vs. low-thoracic epidural injection 
found in our earlier study:1 the total number of segments blocked was similar in both 
groups, but spread of sensory blockade was more cranial in the LOW group compared 
with that in the MID group.
Whether the thoracic epidural space exhibits negative pressure has been the subject of 
debate. Bulging of the dura by the Tuohy needle,9 retraction of the ligamentum  avum,2,3
and the balance of forces de ned in Starling’s equation in the minute space between 
MID
n= 17
LOW
n= 20
Age (years) 56.6 (12.3) 59.9 (10.9)
Weight (kg) 73.4 (13.7) 78.6 (11.0)
Height (cm) 173.8 (9.7) 175.5 (7.9)
BMI (kg/m2) 24.2 (3.0) 25.4 (2.5)
Male/female 11/6 15/5
Table 1. Patient demographics.
BMI = Body Mass Index. Data are reported as mean ± SD. There were no signi cant di erences between groups.
MID
n= 17
LOW
n= 20
p value
Epidural pressure 1 (-1 to 4.5) 4 ( 2 to 7.8) 0.04
Total # segments blocked 7.2 ± 1.9 6.9 ± 2.0 0.6
# of segments blocked caudad to injection site 4.1 ± 2.2 2.5 ± 1.6 0.01
# segments blocked cranial to injection site: 3.1 ± 1.6 4.5 ± 1.6 0.02
Incidence of EP ≤ 0 mm Hg 8 2 0.02
Table 2. Epidural pressures and distribution of sensory blockade
EP = epidural pressure. Epidural pressures are reported as median value (interquartile range). Numbers of segments 
blocked are reported as mean ± SD.
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the epidural fat and the ligamentum  avum10 have been implicated as causes for such 
a negative EP, and may account for the entry of a hanging  uid drop into the needle 
hub when the needle tip is advanced into the epidural space. Although the studies by 
Usubiaga are often quoted to support the idea that EP is mostly subatmospheric and 
varies in di erent regions of the epidural space, the lack of homogeneity in subjects 
and measurements precluded statistical treatment of most data.4,5 In contrast, Okutomi 
concluded that the subatmospheric pressures found at the moment of epidural punc-
ture at the T 7-8 level are probably artifacts and the subsequent equilibration to positive 
pressures was due to adaptation of the surrounding tissue.2 Lumbar EP has been found 
to be positive by some authors,7,8 but slightly negative by others.3-5 Comparison of these 
studies is hindered by the many di erent study designs. In particular, methods of pres-
sure measurements, patient positioning and demographics vary widely. Also, most of 
these studies provide di erent answers to the question what constitutes true EP. We 
agree with Okutomi et al.,2 and believe that true EP is best measured with a closed sys-
tem (preventing equilibration of EP with ambient pressure, and evacuation of  uid or air 
from the measuring device into the epidural space) and the Tuohy needle held immobile 
until the EP trace stabilizes after the inital pressure drop. In this way, we assume the 
disturbance of anatomic structures is minimized.
Our  ndings support the idea that LA may preferentially spread toward the epidural 
region that exhibitis the lowest EP.1 However, our study does not supply evidence for a 
causal relationship between EP di erences and patterns of spread of sensory blockade. 
Further studies are needed to demonstrate such a relationship.
Our study may be critisized for the following reasons. First, di erences in EPs between 
di erent epidural regions may be better documented by comparing them in individual 
patients rather than between patient groups. However, performing multiple epidu-
ral punctures in a single patient or volunteer without a clinical indication would raise 
ethical concerns. Second, since the results were dependent on correct placement of the 
pressure transducer, small errors may have occurred in the EP measurements. We have 
tried to minimize this potential error by having a second person, not involved in the 
study, verify correct placement.
In conclusion, we have demonstrated a small signi cant EP di erence between the low- 
and mid-thoracic epidural spaces, indicating that EP is not homogenous among di erent 
sites in the thoracic epidural space. Also, we have demonstrated a greater incidence of 
zero or true subatmospheric EP in the mid-thoracic epidural space compared to the low-
thoracic epidural space. However, median EP was positive in both the low-thoracic and 
mid-thoracic epidural space. The signi cance of these  ndings is, at present, unclear. In 
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particular, it remains to be investigated whether this pressure gradient is su  cient to 
in uence the spread of thoracic epidural blockade.
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chapter four
Continuous positive airway pressure breathing 
increases the spread of sensory blockade after 
low-thoracic epidural injection of lidocaine
Anesthesia and Analgesia 2006; 102: 268-71
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Abstract:
Factors a ecting the distribution of sensory blockade after epidural injection of local 
anesthetics remain incompletely clari ed. To evaluate if raising intrathoracic pressure 
a ects the spread of thoracic epidural anesthesia (TEA), we randomized 20 patients who 
received an epidural catheter at the T7-8 or T8-9 intervertebral space into two groups. 
The control group (n= 10) received an epidural test dose of 4 mL lidocaine 2% during 
spontaneous breathing at ambient pressure. The Continuous Positive Airway Pressure 
(CPAP, n= 10) group received the same epidural test dose, but during spontaneous respi-
ration with 7.5 cm H2O CPAP. The groups were comparable with respect to demographic 
variables. Fifteen minutes after the conclusion of the epidural injection, the sensory 
block ranged from from T 4 [median, interquartile range (IQR) 2.75 segments] to T 11 
(IQR 3.5 segments) in the control group and from T 5 (IQR 2.25 segments) to L 2 (IQR 2.25 
segments) in the CPAP group (p= 0.005 for the caudal border). The total number of seg-
ments blocked was 7 (median, IQR 2.25) in the control group and 11 (IQR 3.5) in the CPAP 
group (p= 0.004). The number of segments blocked caudad to the injection site was 3 
(median, IQR 3.5) in the control group and 6 (IQR 2.25) in the CPAP group (p= 0.005). We 
conclude that CPAP increases the spread of sensory blockade in TEA, primarily by a more 
caudad extension of sensory blockade.
Key words:
Thoracic epidural anesthesia, TEA, CPAP, spread, distribution, pressure
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Introduction
Factors a ecting the distribution of sensory blockade after epidural injection of local 
anesthetics (LA) remain incompletely clari ed. In an earlier study, we reported several 
clinically relevant patterns of extension of thoracic epidural blockade: spread of sen-
sory blockade was primarily caudad after high thoracic administration of LA (C7-T2), 
cephalad after low thoracic administration (T7-9), and equally caudad and cephalad 
after mid-thoracic administration (T3-5).1 These  ndings were con rmed by others.2 We 
suggested that di erences in epidural pressure (EP) may cause LA to spread toward the 
mid-thoracic region, as this region is closest to the intrathoracic space and thus may 
harbour a lower EP compared to the high- and low-thoracic regions. Also, it has been 
suggested that thoracic EP may be increased by elevated intrathoracic pressure.3
In our earlier study, distribution of sensory blockade after low-thoracic epidural injec-
tion was almost completely unidirectional in relation to the injection site, i.e. cephalad 
towards the mid-thoracic level.1 We hypothesized that raising intrathoracic pressure 
may alter the spread of sensory blockade after low-thoracic epidural injection of LA. 
To investigate this, we designed a double-blind study, comparing the distribution of 
low thoracic epidural blockade in patients breathing with continuous positive airway 
pressure (CPAP) to patients breathing at ambient pressure.
Materials and methods
After local medical ethical committee approval and written informed consent from the 
patient, we included 20 patients scheduled for elective laparotomy, ASA class I-III, aged 
25 to 75 years, height 160-200 cm, and weight 60 to 100 kg in the study. Exclusion criteria 
consisted of general contraindications for epidural anesthesia (blood clotting disorders, 
infection at the proposed insertion site, language barrier, patient refusal), pregnancy, 
large abdominal mass, history of back surgery, obstructive lung disease with a FEV1/VC 
ratio < 70%, claustrophobia or a body mass index (weight in kg divided by the square of 
height in m) > 35.
After the insertion of an 18G multi-ori ce epidural catheter (B.Braun AG, Melsungen, 
Germany) through the T7-8 or T8-9 intervertebral space, with the patient in the sitting 
position, using the paramedian approach and hanging drop technique, patients were 
randomized by closed envelope to either the CPAP group (n= 10) or the control group 
(n= 10). The line connecting the inferior angles of the scapulae, with the arms adducted, 
was assumed to represent the level of the seventh thoracic vertebra or the T7-8 inter-
vertebral space. All epidural catheters were  lled with saline prior to insertion, advanced 
4 cm beyond the Tuohy needle tip, and inserted by the  rst author. All patients were 
then positioned in the supine position with the head of the bed raised to 45°, and a 
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Whisper ow CPAP face mask (Caradyne Ltd., Galway, Ireland) was  rmly attached. The 
mask was connected to a CF 800 CPAP apparatus (Dräger Medical AG, Lübeck, Germany). 
In the control group, the port of the mask designed for the pressure valve was left open. 
In the CPAP group, a valve delivering CPAP of 7.5 cm H2O was attached to the face mask. 
All patients were instructed that they might experience some resistance to exhalation. 
Correct application of CPAP was con rmed by the manometer on the CPAP apparatus. 
When patients were comfortably breathing through the CPAP mask, an epidural injec-
tion of 4 mL of lidocaine 2% was initiated using a 20 mL syringe in a syringe pump 
(Graseby Medical Ltd., Watford, UK), set at 60 mL/hr (= 1 mL/min). Fifteen minutes after 
completion of the epidural injection, the borders of sensory blockade were assessed 
by application of a small ice pack, by an anesthesiologist not involved in the study and 
blinded to the mode of breathing,
EPs were measured prior to applying the CPAP mask, immediately after applying CPAP, 
at the conclusion of epidural injection and immediately prior to discontinuing CPAP. The 
proximal end of the epidural catheter was connected to a 3-way stopcock, which in turn 
was connected to the syringe with lidocaine 2% and a pressure transducer (Edwards 
Lifesciences, Irvine, CA). The pressure transducer was attached to the patient in the mid-
axillary line at the level of the 4th rib. During and after injection, the stopcock was set 
to connect the epidural catheter with the syringe. When measuring EP, the stopcock 
was set to connect the catheter with the pressure monitoring set. The EP was recorded 
using a pressure monitor (Hewlett Packard, Amstelveen, The Netherlands) and a thermal 
array recorder. The pressures were only recorded when a typical waveform (Fig. 1), con-
sisting of small oscillations, representing arterial pulsations, super-imposed on greater 
oscillations, representing breathing was noted.4-12 The mean pressure displayed on the 
monitor was recorded.
Statistical analysis
In a previous study, the mean caudal border of blockade was located at T9 ± 1.5 seg-
ments.1 To demonstrate a change in the caudal border of sensory blockade of 2 seg-
ments, with α = 0.05, a power of 80%, and two-sided testing, we calculated a sample size 
of 10 patients per group.
Primary endpoints were the total number of segments blocked, the cranial and caudal 
border of sensory blockade, and the number of segments blocked caudal to the site 
of injection. Dermatomes were numbered from 1 (C 1) to 30 (S 5). Di erences in bor-
ders of sensory blockade and numbers of segments blocked were analyzed using the 
Mann-Whitney U test. Secondary endpoints were the EPs prior to application of CPAP, 
immediately after applying CPAP, immediately after epidural injection and just prior to 
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discontinuing CPAP. Pressure data were analyzed using the Mann-Whitney U test. De-
mographic data were analyzed using the Mann-Whitney U test, except the distribution 
of males versus females, which was analyzed using the chi-square test. P < 0.05 was 
considered statistically signi cant.
Results
All patients tolerated breathing through the CPAP mask well and  nished the study. 
All data are presented as median with interquartile range (IQR) in brackets. There were 
no signi cant di erences in demographic data (Table 1). The median cranial border of 
sensory blockade was T4 (2.75 segments) in the control group and T 5 (2.25 segments) in 
the CPAP group (p > 0.05). The median caudal borders of sensory blockade were T 11 (3.5 
segments) in the control group and L 2 (2.25 segments) in the CPAP group (p = 0.005). 
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Fig 1. Sample waveform of epidural pressure, consisting of small oscillations, representing arterial pulsations, 
super-imposed on greater oscillations, representing breathing, after low-thoracic epidural injection of 4 mL of 
lidocaine in a patient in the control group. Recording speed 50 mm/min.
Control
n= 10
CPAP
n= 10
Age (years): 59.0 (16.3) 59.5 (18.3)
Weight (kg): 80.5 (13.3) 71 (22.8)
Height (cm): 176 (13) 172 (11)
BMI (kg/m2): 24.9 (3.9) 25.3 (4.8)
Male/female: 5/5 7/3
Epidural site T7-8/T8-9 1/9 1/9
Table 1. Demographic data and epidural puncture site. BMI = Body Mass Index, CPAP = continuous positive airway 
pressure. Data expressed as median (interquartile range). There were no signi cant di erences between groups.
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The total number of segments blocked was 7 (2.25) in the control group and 11 (3.5) in 
the CPAP group (p= 0.004). The number of segments blocked caudal to the insertion site 
was 3 (3.5) in the control group and 6 (IQR) in the CPAP group (p= 0.005).
Tracings of EP with evident oscillation patterns were recorded in only 10 patients prior 
to epidural injection, and in 16 patients after injection (Table 2). There were no statisti-
cally signi cant di erences in EPs between groups.
Discussion
Our study is the  rst to demonstrate the in uence of elevated airway pressure on the 
distribution of low thoracic epidural anesthesia: There was a 57% increase in the number 
of segments blocked when applying CPAP during epidural injection of lidocaine and for 
15 min thereafter, primarily through increased caudad spread of LA while the cephalad 
spread remained unchanged compared to patients breathing at ambient pressure.
We were unable to reliably document EP changes over time in all patients. It proved par-
ticularly di  cult to obtain the typical pressure oscillations through the epidural catheter 
in awake patients prior to epidural injection. In other studies, EPs were successfully mea-
sured through the Tuohy needle. 4-11 It has been suggested that a continuous epidural 
 uid infusion would be required to allow for stable long-term monitoring of EP through 
an epidural catheter.12 This would turn the epidural space, which is normally  lled with 
tissue, into a  uid- lled space. Indeed, we acquired a greater number of acceptable pres-
sure tracings after epidural injection than prior to injection.
E ects of positive end expiratory pressure (PEEP) on EP have both been con rmed12 and 
uncon rmed.13 Unfortunately, the number of acceptable EP tracings in our study was 
not su  cient to make any statements about the e ects of CPAP on EP and the spread 
Control CPAP
Prior to CPAP n= 6
25 (13.3)
n= 4
31 (16.5)
After application of CPAP n= 5
26 (28.5)
n= 4
25 (20.0)
Immediately post-injection n= 9
17 (14.5)
n= 8
20 (13.3)
15 min post-injection n= 9
15 (18.0)
n= 7
18 (5.0)
Table 2. Epidural pressures before and after application of 7.5 mmHg continuous positive airway pressure (CPAP) 
and after low-thoracic epidural injection of 4 mL lidocaine 2%. Data expressed as mmHg and median (interquartile 
range). There were no signi cant di erences between groups.
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of LA in the epidural space. Factors that may have caused the greater and more caudad 
spread of sensory blockade include diminished compliance of the epidural space by the 
application of CPAP, and changes in cerebrospinal  uid pressure.
The speed of injection may have in uenced our results. Peak EPs after epidural injection 
correlate with the injection speed.11 For this experiment, we therefore chose a relatively 
slow speed of injection to avoid disturbing the physiologic pressure relationships within 
the epidural space. This speed may be slower than the typical speed of injection of a 
bolus dose of LA, but is much greater than that of a continuous epidural infusion in daily 
practice. We chose to inject a volume of 4 mL of LA since this would be e  cacious in 
establishing a demonstrable block1 and still be safe for use as a test dose.14
Since our conclusions are based on the relationship between sensory blockade and the 
injection site, our study may also be criticized for not radiographically con rming the 
position of the epidural catheter tip. However, it has been shown that the actual insertion 
site is usually not more than one segment away from the insertion site as determined by 
external landmarks when the catheter is advanced 3 cm beyond the Tuohy needle tip.1
Regardless of the mechanism, we have demonstrated a statistically and clinically signi -
cant alteration in the distribution of low thoracic epidural block when a continuously 
positive airway pressure is present. In a typical healthy subject, intermittent positive 
pressure ventilation (IPPV) with a peak inspiratory pressure of 15 cm H2O and 3 cm H2O 
of PEEP will result in a mean airway pressure of approximately 10 cm H2O. Mean airway 
pressure may be even higher in patients with obstructive lung disease. Although other 
factors may play a role in anesthetized patients, this suggests that administering bolus 
After 
application 
of CPAP
After 
epidural 
injection
After 15 min. 
CPAP
14
16.5
19
11.5
Fig 2. Sample waveforms of epidural pressure, consisting of small oscillations, representing arterial pulsations, 
super-imposed on greater oscillations, representing breathing. Recordings made after application of continuous 
positive airway pressure (CPAP), after low-thoracic epidural injection of 4 mL of lidocaine and 15 min. after the 
conclusion of the epidural injection, in a patient in the CPAP group. Pressure data expressed as mm Hg, recording 
speed 50 mm/min. A reliable baseline recording could not be made in this patient.
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doses of LA during IPPV may result in a greater and more caudad extension of blockade 
than expected.
In conclusion, we report that applying CPAP during low-thoracic epidural injection of 
lidocaine results in an increased number of segments blocked, primarily by a more cau-
dad extension of sensory blockade.
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chapter  ve
Continuous positive airway pressure 
breathing increases cranial spread of 
sensory blockade after cervico-thoracic 
epidural injection of lidocaine
Anesthesia and Analgesia 2007; 105: in press.
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Abstract:
Background
Continuous positive airway pressure (CPAP) increases the caudad spread of sensory 
blockade after low-thoracic epidural injection of lidocaine. We hypothesized that CPAP 
will increase cephalad spread of blockade after cervico-thoracic epidural injection.
Methods
Twenty patients with an epidural catheter at the C6-7 or C7-T1 interspace received an 
epidural dose of lidocaine while breathing at ambient pressure (control group) or while 
breathing with 7.5 cm H2O CPAP. After injection, we evaluated the spread of sensory 
blockade. Spirometry variables before and after epidural injection were also measured.
Results
Data are presented as median (interquartile range) values. Sensory block ranged from 
C7 (C4-C7) to T4 (T4-T6) in the control group and from C2 (C2-C4) to T4 (T2-T5) in the 
CPAP group (p= 0.003 for the cranial border). The total number of segments blocked was 
7.5 (6.8-9.8) in the control group and 10 (8-12) in the CPAP group (p= 0.13). The number 
of segments blocked cranial to the injection site was 1 (0.8-3.5) in the control group and 
5 (3.5-7) in the CPAP group (p= 0.006). The number of patients with a maximal cranial 
block (up to C2) was 1 in the control group and 7 in the CPAP group (p= 0.02). In both 
groups there was a small but signi cant decrease from baseline in spirometry values, 
with no di erences between groups.
Conclusion
Applying CPAP during cervico-thoracic epidural injection of lidocaine resulted in a 
more cranial extension of sensory blockade when compared to breathing at ambient 
pressure.
Key words:
Cervico-thoracic, thoracic epidural anesthesia, TEA, CPAP, spread, distribution, CABG
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Introduction
Factors a ecting the distribution of sensory blockade after epidural injection of local 
anesthetics remain incompletely clari ed. Based on earlier studies,1,2 we have suggested 
that di erences in epidural pressure may cause local anesthetic injected into the high-
thoracic (C7-T2) or low-thoracic (T7-9) epidural spaces to spread toward the mid-thoracic 
(T3-5) region. This region is closest to the intrathoracic space and thus may harbour 
a lower epidural pressure compared to the high- and low-thoracic regions. Epidural 
pressure has been shown to be lower in the mid-thoracic compared to the low-thoracic 
epidural region.3 We have previously demonstrated that continuous positive airway 
pressure (CPAP) increases the spread of sensory blockade after low-thoracic epidural 
injection of lidocaine by 57%, primarily by a more caudad extension of sensory block-
ade.4 We hypothesized that CPAP will also increase spread of sensory blockade after 
cervico-thoracic epidural injection of local anesthetic, but by a more cranial extension 
of blockade. This study was designed to test this hypothesis and to evaluate whether 
a more cranial extension of epidural blockade by the application of CPAP may a ect 
pulmonary function.
Materials and methods
After local medical ethical committee approval and written informed consent from the 
patient, we included 20 patients diagnosed with cervico-brachialgia or cervical radicu-
lar pain, scheduled for an epidural injection with local anesthetic and steroid. Inclusion 
criteria were ASA class I-III, aged 25 to 75 years, height 160-200 cm, and weight 60 to 
105 kg. Exclusion criteria consisted of general contraindications for epidural anesthesia 
(blood clotting disorders, infection at the proposed insertion site, language barrier, 
patient refusal), pregnancy, history of back surgery, obstructive lung disease with a 
forced expiratory volume in one second (FEV1)/forced vital capacity (VC) ratio < 70%, 
claustrophobia, body mass index > 35, or sensory de ciency in the cervico-thoracic der-
matomes that could preclude sensory testing (e.g. carpal tunnel syndrome). All patients 
had undergone CT or MRI imaging of the cervical spine. None of these investigations 
showed disc protrusions, or signicant narrowing of the spinal canal.
A 20G multi-ori ce epidural catheter (B. Braun AG, Melsungen, Germany) was advanced 
3-4 cm beyond the Tuohy needle tip through the C6-7 or C7-T1 intervertebral space. The 
median approach and loss of resistance technique with ≤ 0.5 mL of saline was used, with 
the patient in the sitting position. Up to 0.5 mL of Iohexol 3 mg I/mL (Omnipaque 300, 
Amersham Health, Eindhoven, The Netherlands) was used to verify epidural placement 
of the catheter using real time  uoroscopy. Patients were then randomized by closed 
envelope to either the CPAP group (n= 10) or the control group (n= 10) and positioned 
in the supine position with the head of the bed raised to 45°. A Whisper ow CPAP face 
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mask (Caradyne Ltd., Galway, Ireland) was  rmly attached to the patient’s face and 
connected to a CF 800 CPAP apparatus (Dräger Medical AG, Lübeck, Germany). In the 
control group, the port of the mask designed for the pressure valve was left open. In 
the CPAP group, a valve delivering CPAP of 7.5 cm H2O was attached to the face mask. 
All patients were instructed that they might experience some resistance to exhalation. 
Correct application of CPAP was con rmed by the manometer on the CPAP apparatus. 
When patients were comfortably breathing through the CPAP mask, an epidural injec-
tion of 3 mL of lidocaine 2% with 1 mL methylprednisolone 40 mg/mL (DepoMedrol, 
Pharmacia-Upjohn, Kalamazoo, MI) was started using a 10 mL syringe in an Orchestra 
Module DPS syringe pump (Fresenius Vial SA, Brezins, France), set at 60 mL/hr (= 1 mL/
min). The epidural solution was freshly mixed and the syringe pump with syringe was 
gently agitated halfway during the injection. Fifteen minutes after completion of the 
epidural injection, CPAP was discontinued and the borders of sensory blockade were 
assessed by application of a small ice pack, by an anesthesiologist blinded to the mode 
of breathing. In case of asymmetrical blockade, the greater extension of blockade was 
recorded.
Immediately prior to the experiment and after completion of the epidural injection, FEV1
and FVC were recorded using a Jaeger SpiroPro hand-held spirometer (Viasys Health-
care, Hoechberg, Germany), and the FEV1/ FVC ratio was calculated by the spirometer 
software. Three attempts were made by each patient. The set of data with the highest 
FVC was recorded.
Non-invasive blood pressure, percutaneous arterial oxygen saturation (SaO2), and heart 
rate were recorded prior to epidural injection, and at 5 and 15 min after completion of 
the injection.
Statistical analysis
In a previous study, the mean caudal border of sensory blockade after high thoracic 
epidural injection of 60 mg lidocaine was located at T1 ± 1.5 segments.1 To demonstrate 
a change in the cranial border of sensory blockade of 2 segments, with α = 0.05, a power 
of 80%, and two-sided testing, we calculated a sample size of 10 patients per group.
Endpoints were the total number of segments blocked, the cranial and caudal border 
of sensory blockade, and the number of segments blocked cranial and caudal to the 
site of injection. Dermatomes were numbered from 2 (C 2) to 30 (S 5). Since cervical 
root dermatomes are usually numbered C2-C8, while there are only 7 cervical vertebrae, 
cervical epidural spread was assessed using the following rule. The C2-C7 cervical nerve 
roots exit from the cervical vertebrae through a gutter in the transverse process.5 The C8 
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nerve root exits just cranially from the C7-T1 intervertebral space, joining the C7 root in 
its course.5 Therefore, cranial spread of blockade relative to the insertion site was con-
sidered to be C8 and up in patients with the epidural catheter at the C7-T1 interspace, 
and C6 and up in patients with the epidural catheter at the C6-7 interspace. Di erences 
in borders of sensory blockade and numbers of segments blocked were analyzed using 
the Mann-Whitney U test. Incidences of maximal cranial spread of sensory blockade (up 
to C2) were analyzed using Fisher’s exact test. Demographic data were analyzed using 
Student’s t-test, except the distribution of males versus females, which was analyzed 
using the chi-square test. Spirometry data were analyzed using Student’s t-test. P < 0.05 
was considered statistically signi cant.
Results
All patients tolerated breathing through the CPAP mask well and  nished the study. All 
spirometric data measured before the experiment were within 10% of the predicted val-
ues calculated for each patient by the spirometer software. Vital signs remained stable 
in all patients. There were no signi cant di erences in demographic data (Table 1). With 
 uoroscopy, all epidural catheter tips were found to be positioned not more than one 
segment away from the intended insertion site. Bilateral sensory blockade developed 
in all patients, with left-right di erences of up to 3 dermatomes. There were statistically 
signi cant di erences in the median cranial border of sensory blockade, the number 
of segments blocked cranial to the insertion site, and the incidence of maximal cranial 
spread of sensory blockade (up to C2) (Table 2). There were no di erences in spirometry 
between groups, however, in both groups there was a small but signi cant decrease in 
spirometry values after epidural injection (Table 3).
Discussion
We reported that breathing with CPAP during and for 15 min after cervico-thoracic epi-
dural injection of local anesthetic alters the spread of sensory blockade. This is similar 
Control
n= 10
CPAP
n= 10
Age (years): 45.4 ± 12.2 49.2 ± 7.4
Weight (kg): 71.7 ± 15.4 78.6 ± 16.6
Height (cm): 169.6 ± 6.6 169.3 ± 9.6
BMI (kg/m2): 24.8 ± 4.7 27.2 ± 3.9
Male/female: 4/6 5/5
Epidural site C6-7/C7-T1 5/5 6/4
Table 1. Demographic data and epidural puncture site. BMI = Body Mass Index. Data expressed as mean ± sd. 
There were no statistically signi cant di erences between groups.
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to our previous study on low-thoracic epidural spread,4 where we demonstrated a more 
caudad spread of sensory blockade when breathing with CPAP, while cephalad spread of 
blockade did not di er signi cantly between groups. This suggests that in awake patients 
breathing at ambient pressure, local anesthetic preferentially spreads toward the mid-
thoracic epidural space after both high-thoracic and low-thoracic epidural injection.1,2
However, when airway pressure is raised by CPAP, the distal border of sensory blockade 
extends further away from the thorax, i.e. more cranially after cervico-thoracic injection 
(this study), and more caudad after low-thoracic injection.4
Although we did not measure epidural pressure during this experiment, we believe 
a possible explanation for our  ndings is that the increased airway pressure is trans-
mitted to the epidural space, thereby inhibiting spread of local anesthetic toward the 
Control
n= 10
CPAP
n= 10
p=
Cranial border C7 (C4-C7 ) C2 (C2-C4) 0.003
Caudal border T4 (T4-T6 ) T4 (T2-T5) 0.70
Total # of segments blocked 7.5 (6.75-9.75 ) 10 (8-12 ) 0.13
# of segments blocked cranial of puncture site 1 (0.75-3.5) 5 (3.5-7) 0.006
# of segments caudal of puncture site 6 (5.75-7.5) 4 (4-7) 0.36
# of patients with block up to C2 1 7 0.02
Table 2. Sensory blockade data. Data are presented as median (interquartile range) values, except numbers of 
patients with block up to C2, which are presented as incidences.
Control
n= 10
CPAP
n= 10
FEV1 before epidural (mL) 3004 ± 576 3112 ± 290
FEV1 after epidural (mL) 2897 ± 583* 3025 ± 286*
Δ FEV1 (mL) - 107 ± 132 -87 ± 109
FVC before epidural (mL) 3744 ± 620 3888 ± 395
FVC after epidural (mL) 3600 ± 653** 3838 ± 422†
Δ FVC (mL) -144 ± 114 - 50 ± 161
FEV1/FVC before epidural 79.9 ± 5.2 79.9 ± 4.5
FEV1/FVC after epidural 79.3 ± 6.3 79.7 ± 3.6
Δ FEV1/FVC - 0.6 ± 2.6 - 0.2 ± 4.4
Table 3. Spirometric data. FEV1= forced expiratory volume in one second, FVC= forced vital capacity, Δ = change 
in value. Data are presented as mean ± SD. * p= 0.03 compared to baseline value in same group, ** p= 0.003 
compared to baseline value in same group, † p= 0.35 compared to baseline value in same group. There were no 
di erences between groups.
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mid-thoracic epidural space. Indeed, it has been shown that epidural pressure increases 
signi cantly when increasing levels of positive end expiratory pressure (PEEP) are ap-
plied during mechanical ventilation.6 Likewise, pressure may be transmitted from the 
pleural cavity to the epidural space via communication with the paravertebral space.7,8
Alternatively, diminished compliance of the epidural space by the application of CPAP 
may have played a role. Our  ndings warrant further investigation to evaluate the in u-
ence of increased airway pressure on epidural pressure.
Spirometry values did not di er between groups, however, in both groups there was a 
small but statistically signi cant decrease in spirometry values after epidural injection 
compared to baseline values. This is in accordance with other studies, in which cervico-
thoracic epidural anesthesia has been shown to cause phrenic nerve motor block9,10 and 
a decrease in spirometry values in a dose and concentration dependent manner.9-11 The 
greater extension of sensory block after injection of the same dose of local anesthetic 
did not alter pulmonary function to a greater degree in the CPAP group compared to the 
control group. Although the decreases in spirometry values were statistically signi cant, 
it is unlikely the changes are clinically relevant in healthy patients. Indeed, SaO2 remained 
stable in all patients. However, in patients with a compromised respiratory system, such 
an e ect might be signi cant.
The di erence between groups in the total number of segments blocked and number of 
segments blocked distal from the thorax was smaller than in our previous study with low 
thoracic epidural anesthesia (TEA). This may be explained by the fact that the cervical 
epidural space ends at the foramen magnum, therefore, the potential upward spread of 
local anesthetic from the thorax is limited to only 6-7 segments in cervico-thoracic epi-
dural anesthesia, while it may spread 14-15 segments downwards from the thorax in low 
TEA. Also, the mixing of local anesthetic with a particulate steroid may have changed the 
physico-chemical properties of the epidural solution compared to the one used in our 
other studies.
Our study may be criticized for several reasons. First, sensory blockade at the C8 der-
matome was considered to be located caudal to the injection site in patients with the 
epidural catheter at C6-7, while it would be considered cranial to the injection site in 
patients with the epidural catheter at C7-T1. This could have in uenced our results. Sec-
ond, although spirometry has been used in other studies to evaluate the e ects of cervi-
cal epidural anesthesia on pulmonary function,9-11 this method may not be adequate to 
detect subtle changes or di erentiate between partial paralysis of abdominal, scalene, 
and intercostal muscles versus impaired diaphragmatic function. Future studies should 
use methods such as ultrasonography, maximal inspiratory pressure, and forceful sni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maneuvers to speci cally evaluate phrenic nerve function. Since we included only 
patients without signs of obstructive lung disease (documented with spirometry) and 
since the FEV1/FVC ratio remained unchanged, it is unlikely that small airway calibre has 
contributed to the decrease in FEV1 after epidural injection. Third, since patients were 
breathing spontaneously, inspiratory-expiratory ratios were not controlled, which may 
have induced di erences in intrinsic PEEP. However, all patients tolerated CPAP well and 
showed normal breathing patterns.
In conclusion, we report that applying CPAP during and for 15 min after cervico-
thoracic epidural injection of lidocaine results in a more cranial extension of sensory 
blockade when compared to breathing at ambient pressure. Increases in airway pressure 
by intermittent positive pressure ventilation (IPPV) may have similar e ects.4 Although 
other factors may play a role in anesthetized patients, administering high-thoracic epi-
dural bolus doses of local anesthetic during IPPV may result in a more cranial extension 
of blockade compared to administration in awake patients.
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Epidural anesthesia has been used as an anesthetic technique for decades. Nevertheless, 
factors a ecting the distribution of sensory blockade after epidural injection of local 
anesthetics (LA) remain unclear. In particular, data are lacking for thoracic epidural an-
esthesia (TEA), while simple extrapolation of data for lumbar epidural anesthesia (LEA) 
to TEA may be erroneous. This thesis critically reviews the existing literature, and factors, 
not previously described, that in uence the distribution of sensory blockade in TEA.
In Chapter 1, we reviewed factors that have been implicated a ecting the distribution 
of neural blockade in epidural anesthesia.. Distribution varies widely among individuals, 
and these factors only partially predict the achieved anesthesia. The total mass of LA 
appears to be most important factor in determining the extent of sensory, sympathetic, 
and motor neural blockade. Age may be positively correlated with the spread of sensory 
blockade, the evidence being somewhat stronger for TEA than for LEA. Other patient 
characteristics and technical details such as patient position, and mode and speed 
of injection have all been shown to exert a small e ect on the distribution of sensory 
blockade, or their e ects are contentious. However, combinations of several patient and 
technical factors may better aid in predicting LA dose requirements. Also, maneuvers 
such as rapid injection, placing the patient in the lateral position, or adding bicarbonate 
to LA solutions may be applied to quicken the onset of blockade. Based on this review, 
we have made suggestions for rational selection of the epidural puncture site.
Chapter 2 compares the extension of sensory blockade after a test dose of lidocaine 
between the high-, mid-, and low-thoracic epidural space. We have found no di erence 
in the total number of segments blocked. Interestingly, however, distribution of sensory 
blockade depends on the site of injection: Spread of blockade was primarily caudad 
after high-thoracic injection, primarily cephalad after low-thoracic injection, and equally 
caudad and cephalad after mid-thoracic injection. We speculate that the proximity of 
the pleural space to the mid-thoracic epidural space may bring about a lower epidural 
pressure (EP) in this region, promoting spread of LA from the high- and low-thoracic epi-
dural space toward the mid-thoracic epidural space. Also, by comparing equal masses of 
lidocaine in two di erent concentrations, we have con rmed that the total mass of LA is 
more important than the concentration of the solution.
To corroborate the hypothesis mentioned above, we compared EPs between the mid- 
and low-thoracic epidural spaces in Chapter 3. We have demonstrated a small but sig-
ni cant EP di erence between the low- and mid-thoracic epidural spaces, indicating 
that EP is not homogenous across di erent sites of the thoracic epidural space. Also, we 
have demonstrated a greater incidence of zero or true subatmospheric EP in the mid-
thoracic epidural space compared to the low-thoracic epidural space. However, median 
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EP was positive in both regions. Given the pressures generated by epidural injection, it 
remains to be investigated whether this pressure gradient is su  cient to in uence the 
spread of thoracic epidural blockade. Also, it should be noted that great controversy 
surrounds the nature of epidural pressure. Some authors have found epidural pressures 
to be positive, while others believe they can only be subatmospheric. Furthermore, it is 
unclear whether epidural pressure measurements may su er from artefacts.
In Chapters 4 and 5, we have evaluated the e ects of continuous positive airway pres-
sure (CPAP) during and 15 minutes after epidural injection of LA on the distribution of 
sensory blockade in low- and high-thoracic epidural anesthesia, respectively. In low-
thoracic epidural anesthesia, CPAP increased the total number of segments blocked by 
57% compared to breathing with ambient pressure. Primarily this was through increased 
caudad spread of LA while the cephalad spread remained unchanged between the 
two groups. In high-thoracic epidural anesthesia, CPAP increased the cephalad spread 
of sensory blockade, while caudad spread remained unchanged. In the  rst of these 
studies, we have attempted to measure EPs through epidural catheters, to investigate 
whether CPAP increases epidural pressure. Unfortunately, the number of acceptable EP 
tracings in our study was not su  cient to make any statements about the e ects of 
CPAP on EP. A possible explanation for our  ndings is that the increased airway pres-
sure is transmitted to the epidural space, thereby inhibiting spread of local anesthetic 
toward the mid-thoracic epidural space. Indeed, it has been shown that epidural pres-
sure increases signi cantly when increasing levels of positive end expiratory pressure 
(PEEP) are applied during mechanical ventilation. Likewise, pressure may be transmitted 
from the pleural cavity to the epidural space via communication with the paravertebral 
space. Alternatively, diminished compliance of the epidural space by the application of 
CPAP may have played a role. Our  ndings warrant further investigation to evaluate the 
in uence of increased airway pressure on epidural pressure.
In conclusion, in awake patients breathing at ambient pressure, LA preferentially spreads 
toward the mid-thoracic epidural space after both high-thoracic and low-thoracic epi-
dural injection. The insertion site of the epidural catheter marks the caudal border of 
blockade in low TEA, and the cranial border of blockade in high TEA. The theory that dif-
ferences in EP along the epidural space may play a role is supported by our  nding that 
median EP is lower in the mid-thoracic compared to the low-thoracic epidural space. 
Also, when airway pressure is raised by CPAP, the distal borders of sensory blockade 
extend further away from the thorax (i.e., more cranially after cervico-thoracic injection, 
and more caudad after low-thoracic injection), while increasing the total number of seg-
ments blocked. We believe a possible explanation for our  ndings is that the increased 
airway pressure is transmitted to the epidural space, thereby inhibiting spread of LA 
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toward the mid-thoracic epidural space. Unfortunately, due to technical di  culties, we 
were unable to demonstrate a correlation between CPAP and increased epidural pres-
sure. Future studies should focus on further elucidation of the role of EPs on the distribu-
tion of epidural neural blockade, and the various factors that may a ect EP. Also, our 
hypothesis that positive pressure ventilation (e.g., in patients under general anesthesia) 
may have a similar e ect on the spread of epidural blockade as CPAP requires further 
investigation. Such studies would need to involve some mode of epidural block testing 
which is feasible in anesthetized patients. Meanwhile, the conclusions from this thesis 
may aid in more precise dosing of epidural LA, and therefore safer epidural anesthesia.
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Epidurale anesthesie wordt reeds tientallen jaren toegepast. Desondanks zijn de facto-
ren die de uitbreiding van sensibele blokkade na epidurale injectie van locaalanesthe-
tica bepalen nog niet geheel opgehelderd. Met name bij thoracale epidurale anesthesie 
(TEA) zijn nog hiaten in de kennis. Simpelweg extrapoleren van data verkregen tijdens 
lumbale epidurale anesthesie (LEA) naar TEA kan mogelijk fouten in de hand werken. 
In dit proefschrift hebben wij de reeds bestaande literatuur kritisch bekeken. Tevens 
hebben wij enkele factoren gevonden die de verdeling van sensibele blokkade tijdens 
TEA beïnvloeden, maar die nog niet eerder beschreven waren.
In hoofdstuk 1 hebben wij de literatuur bestudeerd omtrent factoren die mogelijk 
invloed hebben op de verspreiding van epidurale zenuwblokkade. Er blijkt een ruime 
interindividuele variatie te bestaan m.b.t. de verspreiding van epiduraal blok, welke 
waarschijnlijk maar deels voorspeld kan worden o.b.v. bekende factoren. De belangrijk-
ste factor is de totale dosis locaalanestheticum. Leeftijd lijkt positief gecorreleerd met 
de verspreiding van epiduraal blok, hoewel het bewijs hiervoor voor TEA wat sterker 
is dan voor LEA. Andere patiënt- of techniek-gerelateerde factoren zoals positionering 
van de patiënt of snelheid van injectie hebben slechts weinig of geen invloed op de 
verspreiding van epiduraal blok, of hun e ecten zijn controversieel. Mogelijk kunnen 
combinaties van meerdere van deze factoren bijdragen in het voorspellen van de uit-
breiding van het epiduraal blok. Ook kunnen technieken als snelle injectie, injectie met 
de patient in zijligging, of toevoegen van bicarbonaat aan het locaalanesthticum worden 
toegepast om een snellere inwerking van de epidurale anesthesie te bewerkstelligen. 
Wij hebben suggesties gedaan voor een rationele keuze van het niveau van inbrengen 
van epidurale catheters, gebaseerd op gegevens uit de literatuur.
In hoofdstuk 2 hebben we de verspreiding van sensibel blok vergeleken na epidurale 
injectie van een testdosis locaalanestheticum op hoog-, mid- of laag-thoracaal niveau. 
Er waren geen verschillen aantoonbaar in het totaal aantal verdoofde dermatomen. 
Echter, de verspreiding van sensibel blok t.o.v. de punctieplaats was verschillend: de 
verspreiding was vooral naar caudaal na hoog-thoracale epidurale injectie, vooral 
naar craniaal na laag-thoracale injectie en even veel naar craniaal als caudaal na mid-
thoracale injectie. Wij speculeerden dat de nabijheid van de pleuraholte een lagere druk 
zou kunnen veroorzaken in de mid-thoracale epidurale ruimte. Hierdoor zou versprei-
ding van locaalanestheticum vanaf de hoog- en laag-thoracale epidurale ruimte naar 
de mid-thoracale ruimte vergemakkelijkt kunnen worden. Tevens hebben wij door het 
vergelijken van gelijke hoeveelheden lidocaïne in verschillende concentraties bevestigd 
dat de totale dosis locaalanestheticum belangrijker is voor de uiteindelijke verspreiding 
van het epidurale blok dan de concentratie van de oplossing.
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Om bovenstaande hypothese te onderbouwen, hebben we in hoofdstuk 3 epidurale 
drukken vergeleken tussen de laag- en mid-thoracale epidurale ruimte. Wij hebben een 
klein, maar statistisch signi cant verschil aangetoond tussen deze twee epidurale regio’s. 
Epidurale druk is kennelijk niet homogeen verdeeld over de epidurale ruimte. Tevens 
komt subatmosferische epidurale druk vaker voor in de mid- dan in de laag-thoracale 
epidurale ruimte. Echter, de mediane epidurale druk was positief in beide regio’s. Gezien 
de drukken die kunnen worden gegenereerd door epidurale injectie, dient nog nader 
onderzocht te worden of deze drukgradiënt voldoende is om van invloed te kunnen zijn 
op de verspreiding van epidurale blokkade. Daarbij dient aangetekend te worden dat 
de meningen verdeeld zijn over de aard van epidurale druk. Volgens sommige onder-
zoekers is de epidurale druk positief, anderen zijn van mening dat epidurale druk alleen 
maar negatief kan zijn.
In hoofdstukken 4 en 5 hebben wij het e ect van het toedienen van continu positieve 
luchtwegdruk (CPAP) tijdens en gedurende 15 min na resp. laag- en hoog-thoracale 
epidurale injectie van locaalanestheticum op de verspreiding van epidurale blokkade 
geëvalueerd. Na laag-thoracale epidurale injectie met CPAP nam het aantal verdoofde 
dermatomen toe met 57% t.o.v. injectie zonder CPAP, vooral door toegenomen caudale 
verspreiding, terwijl de craniale verspreiding gelijk bleef. Na hoog-thoracale injectie met 
CPAP werd een toegenomen craniale verspreiding van epiduraal blok aangetoond t.o.v. 
injectie zonder CPAP. Tijdens de eerstgenoemde studie hebben wij geprobeerd epidu-
rale druk te meten door de epidurale catheters, om te kunnen onderzoeken of CPAP de 
epidurale druk verhoogt. Helaas hebben wij niet een voldoende aantal betrouwbare 
registraties kunnen verkrijgen. Hoewel het betrouwbaar meten van epidurale druk niet 
mogelijk was, zijn wij toch van mening dat onze bevindingen verklaard kunnen worden 
door het doorgeven van de verhoogde luchtwegdruk vanuit de pleuraholte via de pa-
ravertebrale ruimte naar de epidurale ruimte. Hierdoor zou de verspreiding van locaal-
anestheticum richting mid-thoracale epidurale ruimte verhinderd kunnen worden. Deze 
theorie wordt gesteund door onderzoek waarin werd aangetoond dat bij beademing 
met oplopende eind-expiratoire druk (PEEP) de epidurale druk ook toeneemt. Tevens 
zou CPAP de compliantie van de epidurale ruimte kunnen doen afnemen. Onze bevin-
dingen rechtvaardigen verder onderzoek naar de invloed van verhoogde luchtwegdruk 
op epidurale druk.
Concluderend stellen wij vast dat in wakkere patiënten die met normale luchtwegdruk 
ademen locaalanestheticum zich zowel na hoog- als laag-thoracale epidurale injectie 
naar de mid-thoracale epidurale ruimte verspreidt. De hoogte van de punctieplaats 
geeft bij hoge TEA de craniale begrenzing van de sensibele blokkade aan, en bij lage 
TEA de caudale begrenzing. De theorie dat een lagere epidurale druk hierbij een rol 
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speelt wordt gesteund door onze bevinding dat de mediane epidurale druk lager is in 
de mid-thoracale dan in de laag-thoracale epidurale ruimte. Echter, als de luchtwegdruk 
wordt verhoogd d.m.v. CPAP worden de distale grenzen van epidurale blokkade verder 
t.o.v. de thorax verplaatst, d.w.z. meer naar caudaal na laag-thoracale injectie en meer 
naar craniaal na hoog-thoracale injectie. Een mogelijke verklaring voor dit fenomeen is 
dat de verhoogde luchtwegdruk wordt overgebracht op de epidurale ruimte, waardoor 
verspreiding van locaalanestheticum richting mid-thoracale epidurale ruimte wordt 
verhinderd. Helaas was het technisch niet mogelijk om een correlatie tussen CPAP en 
verhoogde epidurale druk vast te stellen.
Toekomstige studies zouden zich moeten richten op het verder verduidelijken van de 
invloed van epidurale druk op de verspreiding van epidurale blokkade en tevens op de 
factoren die de epidurale drukverhoudingen kunnen veranderen. Verder dient de ver-
onderstelling dat kunstmatige ventilatie een vergelijkbaar e ect heeft op de versprei-
ding van epiduraal blok door onderzoek bevestigd te worden. Bij dit soort onderzoek 
is een methode noodzakelijk om onder algehele anesthesie de verspreiding te kunnen 
meten.
Hopelijk kunnen de conclusies in dit proefschrift bijdragen aan een nauwkeuriger dose-
ring van epidurale locaalanesthetica en daarmee veiligere epidurale anesthesie.
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